Br: SERIE, 17E JAARGANG PRJS t 2.- NUMMER 3, MAART 1955 


EOLOGIE 
MIJNBOUW 


MAANDBLAD 
VAN HET KONINKLIJK NEDERLANDSCH 
2 GEOLOGISCH-MIINBOUWKUNDIG GENOOTSCHAP 


REDACTIE: 
Prof, Dr. R.W. van Bemmelen, Ir. W. de Haan, Ir. J. A.C. ter Meulen, Dr. A. J. Pannekoek, 
Prof. Dr. M. G. Rutten, Ir. A. A. G. Schieferdecker, Prof.Dr.L. U. de Sitter, 
Ir. J.M. Weehuizen, Ir. A. van Weelden 


Algemeen redacteur: Dr. A. Brouwer 


Garenmarkt 1, Leiden, Tel. 26261 . 


INHOUD: 

blz. 

The application of palynology to oil geology with special reference to western Venezuela, 
by ©. S. Kuyl, J. Muller and Prof. Dr. H. Th. Waterbolk . . : : 2 2 2 2 22 .2..49 

Geologic and petrographic notes on the Colombian islands of La Providencia and San Andres, 
MiesendesubvaDraR.@: Mitchell 2 2.002 ben ae rn + 76 
The Lucipara islands ridge and a third arc in the Banda Sea, by Prof. Dr. J. Westerveld . 84 
Ter Herdenking van Prof. Dr. W. Gothan, door Prof. Dr. W. J. Jongmans . . . . . .....89 
Geologisch en Mijnbouwkundig Nieuws . - 2 2220 nn nn nn. BI 
\achloaaenellilgans os a SEE | © 
lol ee || 
ne meer man nn e 92 


JLOGIE EN MIINBOUW, NW. S., 17E JAARGANG No. 3, MAART 1955, PAG. 49-92 


KONINKLIJK NEDERL. GEOLOGISCH MIJNBOUWKUNDIG 
GENOOTSCHAP 


(Royal Netherlands Geological and Mining Society) 


Bestuur van het Genootschap: 
(General Council) 


Dr H. M. E. SCHÜRMANN, Voorzitter. 

Prof. Ir H. J. DE WIJS, Secretaris, Münbouwstraat 20, Delft. 
Ir L. W. LEYDS, Penningmeester, Raamweg 41, ’s-Gravenhage. 
Ir J. H. BELTMAN. 

Ir 4. J. M. W. DE QUARTEL. 


Bestuur van de Geologische Sectie: Bestuur van de Münbouwkundige Sectie: 
(Council of the Geological Section) (Council of the Mining Section) 
Ir A. VAN WEELDEN, Voorzitter. Ir. W. MARTENS, Voorzitter. 
Dr J. D. DE JONG, Secretaris, Geologische Ir. G. J. BAKKER, Secretaris, , 
Dienst, Haarlem, tel. 13946. Drievogelstraat 115, Spekholzerheide 
Dr P. KRUIZINGA, Penningmeester, Ir. P. S. BAKELS, Penningmeester, 
postgiro 19823 te Delit. Beatrixlaan 9, Geleen 

Prof. Dr G.H. R. VON KOENINGSWALD. Prof. Ir. Th. R. SELDENRATH. 

Dr D. J. DOEGLAS,. Dr. W. DE BRAAF. 

Dr C. G. EGELER. Ir. G. B. DEBETS. 

Prof. Dr E. NIGGLI. Ir. H. P. KOOPMANS. | 
Bestuur van de Geophysische Kring: Algem. -edacteur „Geologie en Münbouw”: 
(Council of the Geophysical Section) (Editor „Geologie en Minbouw”) 

ir A: VAN WERLDERN Yacrzliten: Dr A. BROUWER, Garenmarkt 1, Leiden. 

Dr A. J. PANNEKOEK. Uit BEN; vr 2: 

Ir J. W. DE BRUYN, Secretaris- ee ogie en Mün ouw”: 

Penningmeester, (Publisher „Geologie en Mjnbouw”) 
Carel van Bylandtlaan 30, - G. A. TIESING, Vogelkersstraat 48, 
’s-Gravenhage. ’s-Gravenhage. 


De jaarcontributie van het Genootschap bedraagt f 20.— voor het lidmaatschap van beide 
secties en f 15.— voor het lidmaatschap van de Geologische of de Mijnbouwkundige sectie. 
Leden van de geologische sectie en van beide secties kunnen ook lid zijn van de geophysische 
kring, in welk geval de jaarcontributie met f 1.— wordt verhoogd. 

Gewone leden, ouder dan 65 jaar, kunnen een reductie van f5.— op de jaarcontributie 
verkrijgen na opgave van geboortedatum en geboorteplaats aan de secretaris van het Genoot- 
schap. i 

Met ingang van 1 Januari 1950 kunnen gewone en ereleden van het Genootschap, indien zij 
tevens gewoon lid of erelid zijn van het Koninklijk Instituut van Ingenieurs een verlaging van 
20 % op beide contributies verkrijgen, indien zij hiervan kennis geven zowel aan de secretaris 
van het Genootschap als aan de Algemeen secretaris van het Koninklijk Instituut van Inge- 
nieurs. 

Contributies dienen gestort te worden op de girorekening van de penningmeester van het 
Genootschap, No. 40517 te ’s-Gravenhage. A 

Alle leden van het Genootschap ontvangen het maandblad „Geologie en Mijnbouw” gratis; 
de gewone leden bovendien de publicaties van de sectie(s) waarvan zij lid zijn. 

De abonnementsprijs van „Geologie en Mijnbouw” bedraagt voor niet-leden f 15.— per jaar 
voor het binnenland en f 16.50 per jaar voor het buitenland. De prijs voor losse nummers 
bedraagt f 2.— (voor bijzondere nummers wordt een aparte prijs vastgesteld). Abonnements- 
gelden en losse nummerbetalingen dienen te geschieden op de girorekening van de. uitgever 
G. A. Tiesing, No. 49253 te ’s-Gravenhage. 


Subscription rate of the monthly journal „Geologie en Münbouw”: for foreign countries 
16,50 guilders; separate copies 2 guilders except special numbers. Applications for subscript- 
ions or separate copies to the publisher: G. A. Tiesing, Vogelkersstr. 48, The Hague. 
Addresses: - 

For correspondence concerning the Society and the exchange of publications: The 
a Ned. Geologisch-Münbouwkundig Genootschap, ee 30, Deljt (Nether- 
ands). 

For publications sent in exchange: The Library, Ned. Geologisch-Minb [ - 
a c.0. un voor Münbouwkunde, Delft Tetherlandsi. a 

or correspondence concerning the contents of „Geologie en Minbouw”: The Editor 
an en Münbouw, c.o. Riksmuseum van Geologie, arena 1B, Leiden (Neiheil 
ands). 

For correspondence concerning advertisements and subscriptions of „Geologie en Mün- 


bouw” and for the purchase of separate copies: ‘jesi 7 
TREE ae INhertende). f sep pies: G. A. Tiesing, Publisher, Vogelkersstr. 48, 


j 


d 


Put dr ae 


u rn A 


DIR 


ar 


THE MINING ENGINEERING CO. LTD, 
MECO WORKS, WORGESTER , ENGLAND. 


LONDON OFFICE: 50 PALL MALL, LONDON, 5.W.I CABLES: MECOMONDE, PICCY, LONDON. 


o 
LP.1IO6-44, 


Agents: 


.AGMA’ ALGEMEENE GEREEDSCHAPPEN- EN MACHINEHANDEL - VALERIUSSTRAAT 59 - AMSTERDAM.Z 


De „VICTOR” zelf-dichtende slangkoppeling 
voor hoge- en lage drukken 


Deze koppeling biedt de volgende voordelen: 


@ Ogenblikkelijk perfecte dichting - geen lekken. 


@ Eenvoudig aan- en af te koppelen - geen gereedschappen 


benodigd. 


@ Veilig - kan noch opzettelijik noch door toevallige omstan- 
digheden ontkoppeld worden zolang er luchtdruk op staat. 


® De rubber dichtingsring is volledig beschermd tegen be- 
schadiging, heeft een lange levensduur, is eenvoudig en 
goedkoop te vervangen. 


@ De beide delen van de koppeling kunnen ten opzichte van 
elkaar gedraaid worden ter vermijding van kinken in de 
slang. Wanneer de koppeling onder druk staat zit de klem- 
beugel onwrikbaar vast in de groef. 


Z Victor Products (Wallsend) Lid 


Vertegenwoordigers: N.V. Ing. Bur. v/h J. M. C. van Borselen & Co. 
2e v. d. Boschstraat 2 - 's-Gravenhage 


RHOON 
N.V. GRONDBOORBEDRIJF 


TELEFOON K 1897 — 446 


Wätervoorziening 
Bronbemaling 
Grondonderzoek 
Diepsonderingen 


Boorpalen 


Mm Microbarometers 


Voor geologische geophysische meetploegen 
Grootste nauwkeurigheid Gering gewicht 


ASKANIA-WERKE AG 


Berlin - Friedenau - Amerik. Sector 


voor NEDERLAND: 
Oranjeplein 9, Haarlem, Tel. 15618 (02500) 


NILOS G.m.b.H. - Düsseldorf 


Hersteller und Lieferant der Original - NILOS - Erzeugnisse 
zur Förderband -Verbindung - und Ausrüstung 


NILOS-Haken und Zangen zum 
Verbinden von Förderbändern. 
NILOS -Bandspanner mit selbst- 
spannenden Klemmen. 

NILOS -Bandschneider, Bandgriffe 
und Bandnadeln. 
NILOS-Gleitstück schont Haken- 
verbindung bei Unterbandförde- 
rung. 


NILOS-Bandwächter zur Verhütung von Bandbränden 
und Kohlenstaubentzündungen durch Überwachung 
des Bandlaufs und Abschalten des Antriebs im Ge- 


fahrenfalle. 


Alleiniger Vertreter für die Niederlande und Belgien: 
0. L. Friedenreich, Ingenieur Civil des Mines (A.1.Br.) Bruxelles-St-Gilles, 51, rue de Joncker 


GOSIO MIJNBOOW 


N.V. WERF GUSTO v/h FIRMA A. F. SMULDERS 


SCHIEDAM 


TELEFOON ROTTERDAM 
69030 (4 L) 69420 (4 L) 


GELEEN 


TELEFOON 3345-3346 


SERVICEBEDRIJF VOOR 
DE MIJNEN ; 


SKIPVERVOER 
BOVENGRONDSE- 
KOLENVERWERKING 


WASSERUEN,SYSTEMEN STAMICARBON 
O.A. STAATSMIINEN CYCLOON- EN 
DRIJFWASPROCEDE’S 


MECHANISCHE KOOLWINNING 


O.A. SCHRAPER- EN SCHAAFINSTAL- 
LATIES 


TRANSPORTINRICHTINGEN 


MULTISCHAAFINSTALLATIE 


Leveranties in: 
Nederland, Belgie, Frankrijk en Engeland 


SSR ME 


Doppelketten- 


Schmalförderer 
Typ EB 440 


einseitig oder 
doppelseitig angeordnetes 


Spezial- 
Kegelstirnrad-Getriebe 
N=28 PS 


Getriebe komplett leicht auswechselbar 


Geringe Abmessungen, 


wenig Platzbedarf, Anbau von 


Preßluf- oder 
Elektromotoren 


leicht umlegbar. 


Leistung: 75 t/h 
bei 100 m Förderlänge. 


Fragen Sie unsere 
Fachingenieure! 


GEBR. BOCHUM 


Verkaufsbüro: AACHEN Holland: Jjef de Groot 
Friedrich-Wilhelm-Platz 5-6, Tel. 36763 Hoolstraat 53/55 Voerendaal(L) Tel. 440 


N.V. NEDERL. BALATA-INDUSTRIE 
DRACHTEN 


Tel. (05120) 2545 


TAAED. 


TRANSPORTBANDEN 


HET MEEST TOEGEPAST 


Streckenausbau aus Stahlqualität KFS 70 n 
nachgiebig, starr nach DIN 21531/21533 und gelenkig 
für Querschläge, Richt- u. Abbaustrecken 
Abzweige und Kreuzungen 
Blindschachtramen 
proviliertes Verzugeisen aus werksneuen Bandeissen 
Grubenstempel, Wakö-Gelenke, Tränkgeräte 


Vorbauhaken und Läuferschalen 


Waskönig Grubenausbau 
Friedrich Karl Sauer Bergwerksbedarf 
Gelsenkirchen, Uferstr. 37-39. Telefon: 23193, Postfach 557 


Vert.: J. B. Daelman, Heerlen, Heesbergstraat 20 


SMEED- en CONSTRUCTIEWERK 


Het Jabrieage-programma van 


DEUTSCHE GERÄTEBAU A. G- 


ESSEN-SALZKOTTEN 


au 


m 


Ve 


e Installaties voor ontleding van 
steenkool 

e Condensatie-installaties 

e Was-installaties 

e Installaties voor 
het ontzwavelen van gas 

e Scheidings-installaties 

e Installaties voor het maken 
van zwavelzuur 

e Destilleer- en rectificeer- 
kolommen 

© Teerafscheidingsinstallaties 

e Warmteuitwisselaars, verhitters, 
koelers en deflegmatoren 

e Extractie-installaties 

e Apparaten voor de chemische 
industrie 

e Opslagtanks 

e Pijpleidingen 


handelscompagnie n.v. 


WAALHAVEN O.Z. 1 - ROTTERDAM. - Tel. 79500 (10 lijnen) 


DEREN ; — - : 
1 , = 3 > nn 
Er N 
eo. _ 5 Bere Ex ZN } 
< 3 = RER 2 Bir EN 
EN € Bord = "RS A 
i Y an 2% > 
en 
N 


SIEMENS 


SIEMENS 


AFSTANDSBESTURING VAN 
VOORBEREIDINGSINSTALLATIES 


In een moderne voorbereiding zijn talriike machines tot een 
gemeenschappelijke installatie samengevoegd. Voor een gemid- 
delde uurcapaciteit van 800 t kolen zijn b.v. ca. 200 electrische 
aandrijvingen met ca. 2600 kW totaalvermogen nodig. Voor een 
dergelijk uitgebreid bedrijf is een centrale contröle- en besturings- 
plaats noodzakelijk. Deze opgave wordt door het betrouwbare 
Siemens-lichtpaneel in zijn eenvoudige en overzichtelijke opbouw 
vervuld. 


TECHNISCHE VOORDELEN: 


Door gedwongen in- en uitschakeling voorkoming van bedieningsfouten. 
Melding van storingen door blinklicht. 


Robuuste en stofdichte uitvoering. 


Overzichtelijke, ruimtesparende rekken voor de schakelapparatuur. 


NEDERTANDSCHE. SLEMENS. MAATSCHAPPEITL.KSG 


Rijnstraat 24, ‘s-Gravenhage, Tel. 723810 


ALLEENVERTEGENWOORDIGING VAN: 
SIEMENS-SCHUCKERTWERKE AKTIENGESELLSCHAFT-BERLIN-SIEMENSSTADT-ERLANGEN 


NIEUWE SERIE, 17e JAARGANG 


GEOLOGIE EN MUNBOUW 


NUMMER 3, MAART 1955 


THE APPLICATION OF PALYNOLOGY TO OIL GEOLOGY, 
WITH SPECIAL REFERENCE TO WESTERN VENEZUELA 


O. S. KUYL'!, J. MULLER! and H. T. WATERBOLK? 


CONTENTS 
p- 
I. IntroducHone eine 49 
I. Morphology and taxonomy . . . . . 50 
Bemtroductory er. ne. oo 
br Pollen of Angiosperms‘. . .... . 3 
II. The distribution of pollen and spores . 55 
IV. Preservation in sediments . . ...%5 
NV: Meeaomieisle 2 20 oe VEN © 
other mocrofossils _.. . -. =... 0..91 
BisEPpalymological zones .» . . . re... 91 
Bmneeneralöstatement. - „. 2... .,.91 
BeBbvolitiong ı ee. am. 58 
; @,  AlEneaten Er ee 7 
VIII. Stratigraphic results in western 
Werieaiela Sm ee) 
ee Bibliography, 3... 27T. er. „TO 
SUMMARY 


After a short introduction on the history of 
palynological studies in relation to economic 
geology, the morphology of pollen grains and 
" spores is discussed in Chapter II and illustrated by 
Figures 1-4 and Plates 1—8. It is demonstrated 
that the morphological conceptions of Iversen and 
Troels-Smith, based on European Quaternary pol- 
len, are also valid for Tertiary and Upper Creta- 
‚ceous pollen of angiosperms. 

The distribution of pollen and spores by wind 
‘and water, and the relation of the pollen rain to 
the actual vegetation, are briefly discussed in 
"Chapter III. In Chapter IV some remarks are 
made regarding the preservation of pollen and 
spores in the sediments, and the effects of 
weathering and burial at great depth. Some 
technical questions (sample treatment, arrange- 
ment of type collections), and the occurrence of 
other microfossils, are dealt with in Chapters V 
and VI. 

In Chapter VII the establishment of palynolo- 
gical zones is described, as well as the background 
of the floral changes which are found. The main 


1 Palynologists, Compania Shell de Venezuela 
Ltd., Maracaibo (Royal Dutch/Shell Group). 


2 Palynologist, N.V. De Bataafsche Petroleum 
Maatschappij, The Hague (Royal Dutch/Shell 
Group). 


factors determining floral differentiation are 
evolution and migration. The effect of both factors 
is illustrated by examples taken from practice. 
The supposed dicotyledonous pollen grains from 
beds older than the Upper Cretaceous (Tricolpites 
troedssonii) are discussed in some detail, and it is 
shown that they are just as likely to belong to the 
gymnosperms. - 

Evolution forms the backbone of the palynolo- 
gical zonation, but climatic and edaphic conditions 
seem to have provided additional variations in the 
flora which are of more importance for local cor- 
relation work. Some practical results attained in 
W. Venezuela are given in Chapter VII. 

Diagrammatic sections (Figs. 6 and 8) show the 
divergence between palynological correlation, 
which is thought to represent time-stratigraphic 
correlation, and facies correlation based on ben- 
thonic foraminiferal assemblages or on lithology. 

Finally, & palynological correlation (Fig. 7) is 
given between different areas round Lake Mara- 
caibo. 


I. INTRODUCTION 


Since the beginning of the twentieth century 
the study of fossil pollen grains and spores has 
constantly increased in importance. 

The examination of pollen (“pollen analy- 
sis”) in Quaternary bogs, which was initiated 
by Von Post, has reached an advanced stage; 
archaeology, climatology, and Quaternary geo- 
logy have all profited by it. 

Pollen investigation has also been applied 
to other studies. Some investigators specialized 
in the morphology and classification of pollen 
and spores. The study of pollen present in the 
air attracted the attention of the medical pro- 
fession, in connection with the combating of 
hay fever; the origin of honey proved to be 
capable of determination by means of the 
pollen present in it. The name palynology is 
now used for all these different branches of 
research. 

At first, interest in pre-Quaternary pollen 
grains and spores was purely palaeobotanical, 
but the possibilities of stratigraphic applica- 
tion, prineipally for the correlation of coal 
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measures, were soon realized. Mention may be 
made of Raistrick’s work on the British Car- 
boniferous (1934). At the present time, paly- 
nological investigation is a matter of routine, 
for instance, in lignite mining in Western 
Germany (Rein, 1950). 


In studying Quaternary sediments, emphasis 
has recently come to lie (mainly due to the 
researches of Iversen) on investigation of 
limnic and brackish water sediments. Admit- 
tedly, in comparison with terrestrial bogs, these 
have the disadvantage of the possible presence 
of reworked pollen originating from older 
deposits, but their great advantage is that 
their pollen content is free from the influence 
of local vegetation, and is therefore better 
adapted for regional correlation. 


It has long been known that older clastic 
sediments can also contain pollen. Wode- 
house (1933), for instance, mentions the great 
richness in pollen of the Eocene Green River 
oil shales of Colorado. Reissinger (1938) 
investigated a series of clay samples varying 
in age from Cambrian to Recent, and found a 
rich microflora in some of them. The possibi- 
lity of correlating sedimentary rocks by paly- 
nology was pointed out by Wilson (1946). 
He says that fossil spores and pollen grains 
ceeur in “most coals, many shales and some 
sandstones”. 


It is obvious that petroleum geology might 
also be able to benefit by the new method, 
particularly in areas of predominantly terres- 
trial character or with brackish water depo- 
sits, where correlation by means of other 
microfossils is generally difficult. The Stan- 
dard Oil Company of California. (1952) and 
Carter Oil Company (Armstrong, 1953) have 
stated that they have taken up palynological 
research. 


In 1938, on the instructions of N.V,. de 
Bataafsche Petroleum Maatschappij, R. Poto- 
nie examined some samples from Mexico. In 
1939 and subsequent years, Florschütz 
(Leyden) analyzed, at the request of this 
Company, material from the Malay Archi- 
pelago and the Caribbean area, which con- 
tained coaly clays as well as coals. 


After the war, systematic research was also 
undertaken by the Royal Dutch/Shell Group 
itself, at first only in Maracaibo (1947). At 
present, palynologists are also working in 
British Borneo and Nigeria, while preparatory 
investigations of other operational areas, such 
as Colombia, Trinidad and New Guinea, are 
being carried out in The Hague. 


In the present article some general aspects 
of palynological research are discussed. 

The writers are aware that their paper 
:overs an extensive field, ranging from bota- 
aical to applied geological observations, which 
will not have the same interest for all readers. 
Some fundamental palynological aspects are 
dealt with in Chapters II (Morphology and 
taxonomy), III (Distribution of pollen and 
spores), IV (Preservation in sediments), V 
(Technique) and VI (Other microfossils). The 
palynological zones, based on evolutionary 
trends or changes in climatic and edaphic 
conditions, are discussed in Chapter VIH. 
Finally, Chapter VIII gives a review of the 
stratigraphical results achieved in western 
Venezuela. 


II. MORPHOLOGY AND TAXONOMY 
a. Introductory 


In the initial stages of pollen research, 
investigators were satisfied with a rather 
superficial examination of the grains. In 
additıon to the size and shape, the principal 
distinguishing characteristics were considered 
to be the number and arrangement of pores 
and furrows, and some easily recognizable 
features of the wall structure. Nor was any 
need felt for more details, since the pollen 
from the important trees of the late and post- 
Glacial ages could be readily recognized. 


23—29: Monocotyledonous pollen classes 
23. Monocolpatae 
24. Monoporatae 


25—27. Operculatae 

28—23. Trichotomocolpatae 

30—57: Dicotyledonous pollen classes 

30. Diporatae 

al. Triporatae 

32—33. Stephanoporatae 

34—36. Periporatae. 

3 Dicolpatae 

38. Tricolpatae 

39—40. Stephanocolpatae 

41—43. Pericolpatae 

4A, Dicolporatae 

45. Tricolporatae 

45—47. Stephanocolporatae 

48-50. Percolporatae 

Säl. Syncolpatae 

32. Heterocolpatae 

233—54.. Zonoratae 

5: Dyadeae 

56. Tetradeae (also to be found in groups 
1—12, 13—16, 17—22, 23—29) 

uT. Polyadeae 


Generie names of groups 1—12 and 13-16 after 
Schopf, Wilson and Bentall (1944) and Kosanke 


(1950), pollen classes mainly after Faegri and 
Iversen (1950). 
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Fig. 1 — Schematic drawings of some important spore and pollen classes. 


1—12: Microspores. 


1. Aletes, etc. 4. Punctatisporites 7. Raistrickia 10. Cirratriradites 
2. Laevigatosporites, ete 5. Triquitrites 8. Rheinschospora 11. Lycospora 
3. Granulatisporites 6. Densosporites 9, Reticulatisporites 12. Calamospora 


13—16: Prepollens 


13. Florinites 14. Endosporites 15. Alatisporites 16. Illinites 


17—22: Gymnospernious pollen classes (polar and equatorial view) 


17. Inaperturatae (also to be found in groups 23—29, 30—57) 19—20. Polyplicatae 


18. Monocolpatae (also to be found in group 23—29) 21—22. Vesiculatae 
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In this way it was possible to work quickly, 
and the main events in forest history after the 
Ice Age, throughout large areas of Europe, 
were soon known. 

Little attention was paid to the pollen of 
herbs and less common trees. Ericaceae, 
Gramineae, Compositae, Chenopodiaceae, and 
a few other groups were known, but all the 
rest were classified under varia. 

Various investigators have brought about a 
change in this situation. Fundamental research 
into the morphology of Recent pollen was 
carried out by Wodehouse (1935), Erdtman 
(1943, 1953, ete.), Iversen and Troels-Smith 
(1950) (cf. Faegri and Iversen, 1950), etc. 
The first-named worker paid much attention 
to structural plan and symmetry; the others 
also analyzed the structure of the exine, 
which proved to be of the greatest importance. 

Many new pollen types could soon be 
recognized; and a number of old types proved 
to be heterogeneous, as they comprised pollen 
from several different plants. 

It is now possible, thanks to the work of the 
writers mentioned, to give accurate descrip- 
tions of pollen types. Furthermore, study and 
comparison of Recent types have made it 
possible to get an idea of the characteristics 
important in classification, and of the degree 
of variability to which these are subject. It is 


clavae 


h ectexine 


+ scabrae i 
endexine 


echinae 
tectum (perforatum) 
columellae 


ectexine 


endexine 


Fig. 2 — Schematic sections through an intectate 
(1) and a tectate (2) pollen wall. 


obvious that these results are of the greatest 
importance for the study of fossil pollen. 
The first attempt at systematic classification 
of fossil pollen grains naturally encountered 
great difficulties at first. Following Potonie 
(1934), relationships with Recent types were 
sought for, but the observations had to be 
based on inadequate morphological know- 
ledge; nevertheless an effort was made to 
express the assumed relationship in the no- 
menclature. Numerous publications, especially 


those by German investigators, bear witness 
to the great difficulties which arose as a 
result of the differing views expressed by 
various authorities. 

Thomson and Pflug (1953) now propose to . 
classify fossil pollen types according to the 
pollen classes of Iversen and Troels-Smith 
(see below). Such an artificial or empirical 
classification is the only way of reducing to 
order the multitude of forms encountered in 
regions where the Recent pollen flora is little 
known, and especially when studying Lower 
Tertiary and older deposits. 


b. Pollen of Angiosperms 


The pollen classes of Iversen and Troels-Smith 
are mainly based on the number and position of 
furrows and pores, and on pore=furrow combi- 
nation. The classes sometimes coincide with 
taxonomie units (such as the polyads in the 
Mimosaceae); but most classes occur in many 
different families, although individual genera 
usually belong to one single class. The system 
is therefore artificial to a high degree, and is to be 
considered as a practical tool only. Some of the 
important angiospermous pollen classes, together 
with a few suggested additions, are shown in 
Fıg. 1: 23—57. 

Three further groups of characteristics are im- 
portant: the sculpture and structure of the outer 
cell wall (exine), the form and structure of the 
apertures, and the shape of the grains. 

Iversen and Troels-Smith reduce all exine 
structures to one basic plan, consisting of an 
endexine and an ectexine. The former is generally 
structureless, the latter is formed by isolated 
elements which may fuse at their top wholly or 
partly into a so-called tectum. Any sculpturing 
present is to be found either directly on the 
endexine (intectate), or on the tectum (tectate) 
(Fig. 2). This basic plan, according to our expe- 
rience, is equally valid for the fossil pollen of 
angiosperms, and the morphological terms of 
Iversen and Troels-Smith are therefore suitable 
for describing pre-Quaternary pollen. Moreover, 
these terms are more sharply defined and fewer 
in number than those of Erdtman (1953). 

Pflug (1953), in his study of fossil pollen from 
the European Tertiary, holds a very different 
view. His conception of a “lamellarer Aufbau” 
appears to be unnecessarily complicated. Moreover, 
some of the layers described by this author, are, 
in our opinion, non-existent, being only due to 
optical effects ?. 


” Compare, for instance, Pflug’s descriptions of the 
following species or species groups with our 
schematie interpretations in Fig. 4, and micro- 
photographs on Pl. 3, of identical types from 
semples kindly given to us by Dr. Pflug. 
Extratriporopollenites thiergartü: Fig. 4: 16; 
ar Shall). 

Ertratriporopollenites sect. Basaloidea: Fig. 4: 22. 


Extratriporopollenites sect. Conjunctoidea: Fig. 
EEE 
Extratriporopollenites pompeckji: Fig. 4: 24; 


Biss: 


The shape of the grains has been somewhat 
neglected by many investigators. It is admittedly 
very variable, but, with due reservations for 
flattening effects, it is certainly an important 


feature-of a pollen type. In Fig. 3 a number of 
polar and equatorial views are given, together 
with the terms used in the Royal Dutch/Shell 
laboratories. 

Aperture structures are very important (Fig. 4). 
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In the majority of dicotyledons these are composite, 
A common type is formed by a pore in the 
endexine and a meridional furrow in the ectexine 
(Fig. 4: 1, 2, 6, 7, 8). The furrows may fuse at the 
poles (Fig. 4: 5), or be so short as to become a 
small ectexinous pore (Fig. 4: 9, 10, 11) (exopore, 
acc. to Pflug). In the latter case two round pores 
of different diameter may be superposed (Fig. 4: 
10; example: Myrica). The endexinous pores are 
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Fig. 3 — Polar and equatorial views of radially symmetrical pollen grains. 
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often equatorially elongated, thus forming trans- 
versal furrows (Fig. 4: 3), which may fuse into 
one equatorial zone (Fig. 4: 4, zonorate, e.g. 
Rhizophoraceae, Pl. 2: 4-7). In a few cases the 
pores are meridionally elongated, giving rise to 
an endexinous furrow which might be called 
endocolpus (Fig. 4: 13: Pl. 3: 2, 3, &, 5). ın une case 
(Extratriporopollenites pompeckji) these endocolpi 
fuse at the poles (Fig. 4: 14; Pl. 3: 13). 


c. Pollen of Gymnosperms 


The pollen of gymnosperms, although — with a 
few exceptions — easily recognizable as such, 
presents difficulties in many ways. A number of 
highly characteristic classes of taxonomical value 
can be distinguished (Fig. 1: 13—22), but the exine 
is either structureless, as in the Ephedra type, or 
is difficult to describe, as in the complicated inter- 
nal structures of the bladders of the winged 
conifer types. Furthermore, distinet pores and 
furrows are absent. Many Palaeozoic types (“pre- 
pollens”) still have a tetrad scar (Fig. 1: 13—16). 


d. Spores of Pteridophytes 


The spores of pteridophytes are either alete, 
monolete or trilete (Fig. 1: 1, 2, 3—12). When 
investigating Tertiary deposits, there is no need 
for a more detailed classification, but pre-Tertiary 
(especially Carboniferous) sediments contain such 
a diversity of forms that subdivision is necessary. 
Schopf et al. have dealt exhaustively with (mainly 
Palaeozoic) microspores. A number of genera are 


.distinguished, based on both basic plan and exine 


features. 

The exine is generally structureless, but it shows 
a great variety of sculpturing, which can easily 
be described with the aid of Iversen and Troels- 
Smith’s terminology (see, for instance, the gem- 
mate spore of Pl. 4: 7). Apart from the scars, 
apertures are absent. The shape may be difficult to 
interpret when the grains are laterally flattened ". 


! Pflug’s genera Triplanosporites, Poroplanites and 
Duplospores most probably represent folded spe- 
cimens of ordinary trilete spores. 


1124 (14) 


23 (13) 


Fig. 4 


1—14. 
exposed part of endexine. 


Composite aperture types of colporate polleı grains. Thick lines: apertures in ectexine or in 


15—24. Some examples of sections through composite apertures. The aperture type is indicated 


between brackets. 


with them, 


II. THE DISTRIBUTION OF POLLEN 


AND SPORES 


Pollen grains produced by anthophytes 
during “flowering are transported mostly by 
the wind or by insects. Microspores, produced 
by pteridophytes, are mainly distributed by 
the wind. The small size of both pollen and 
microspores (generally between 10 and 100 «), 
and the enormous quantities released, make 
possible wide and effective dissemination. 


‘ The production of one hectare of wind-ferti- 


lized alder trees has been estimated at more 
than 2 x 10"? grains per annum (Erdtman, 
1943). Most plants flower on sunny days, and, 
especially in the tropics, a great part of the 


 pollen is then taken up by the rising currents 


of air which occur, for instance, under cumu- 
lus clouds. Such clouds may travel undis- 
persed for 50—100 km., carrying the pollen 
and accordinsly, the potential 
range of distribution of the pollen is that 
distance, at any rate. The maximum potential 
dispersal limit is of course much greater. 
Proof exists of transportation of pollen over 
distances of more than 1000 km. (Erdtman, 
1943), but this “long-distance” transport is 
not -important quantitatively. 

In calm weather, or during showers of rain, 
the pollen collects as a sediment. Several 
hundred grains per square cm. per year have 
been measured in wooded inland areas. Off- 
shore, the quantities decrease, of course, and 


- only a relatively restriected area in coastal, 


marine, deltaic, lagoonal and swamp environ- 
ments will receive a pollen rain dense enough 
to make their sediments a profitable source 
of pollen. Naturally, the quantity of inorganic 
sediment deposited within a certain time also 
plays a part. 

The “pollen rain” does not always give a 
true picture of the vegetation from which it 
was derived, for the following reasons: 


a. the quantitative proportions of the pollen 
rain may be entirely different from those 
of the producing vegetation, owing to great 
differences in production, floating capacity 
and exposure to the wind; 


b. the pollen production of various types of 
- vegetation is mixed; 

ce. pollen-producing plants in the immediate 
neighbourhood may play a disproportio- 
nately large part; 


d. pollen may be transported by water; 


e. pollen may be reworked from older sedi- 
ments and re-deposited. 
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Regarding b and c, it has been empirically 
established that, under certain conditions, 
atmospherie mixing is surprisingly good; this 
applies particularly to the pollen and spore 
content of sediments from basins enclosed by 
land and without autochthonous vegetation. 
The great success of pollen correlation in the 
European Quaternary is largely due to this 
fact. If, however, the basin of sedimentation 
is covered or surrounded by a vegetation 
cover which is different from that further 
inland, atmospheric mixing will be insufficient 
to produce a homogeneous pollen rain, and 
local over-representation occurs. Examples of 
this are well known, e.g. Ericales in a 
Sphagnum bog, and Rhizophora in a mangrove 
swamp. 

As regards d, Florschütz and Jonker (1939) 
found a good 10% Abies in sub-boreal sedi- 
ments in the Rhine delta, while the nearest 
natural sites in which these trees could have 
grown were in the Black Forest, about 400 
km. upstream. Evidently it is possible for a 
considerable quantity of pollen to be conveyed 
by rivers from an area with a totally different 
flora. 

As regards e, pollen from older strata may 
be liberated during the erosion of rivers; and 
this must be taken into account in studying 
all elastice sediments. The quantity concerned 
may be large, as was found in an investigation 
of Recent sediments in the Orinoco delta. 


IV. PRESERVATION IN SEDIMENTS 


The wall of pollen grains and spores consists 
cf two layers. The inner layer (intine) soon 
decays, at the same time as the living cell 
centent. The outer layer (exine) is highly 


resistant to all kinds of chemical influences, 


but not to oxidation. Mottled sediments and 
red beds, which may have been aerated during 
deposition or later, are therefore usually 
barren. Sediments which accumulate in a 
reduceing environment are most suitable for 
vollen analysis; these sediments may range in 
type from fully marine shales to coals. General 
ıules for pollen content are hard to lay down, 
as there is much local variation. A high lime 
content and coarse grains are unfavourable. 
Weathering or excessive overburden may 
de<troy pollen and spores in a rock. 
Weathering is most active in tropical areas. 
In certain tropical arid countries, suitable 
samples have only been found at a depth of 
more than 40 feet below the surface. However, 
slight weathering need not necessarily be 
harmful; it may even facilitate treatment of 
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the sample. Kosanke (1950) describes weath- 
ered Carboniferous coals which were capable 
of being treated immediately with caustic 
potash solution without the usual previous 
oxidation in Schultze’s mixture. 

Overburden effect was found to an increa- 
sing extent with increasing depth in sediments 
from certain geosynclinal areas. The plant 
tissue fragments, and gradually also the pollen 
grains and spores, first lose their typical 
structure, and may even be transformed into 
amorphous black fragments. The cause of this 
metamorphic process is perhaps to be found 
in the pressure of the sedimentary column 
and increased temperature at depth. Areas 
where extensive folding or magma intrusion 
have occurred may also be similarly affected. 
An indication of the correctness of the hypu- 
thesis is seen in the fact that no well-preser- 
ved flora is ever found again anywhere below 
a “black zone”. The phenomenon also occurs 
in surface samples; the obvious assumption is 
that the sediments concerned were subjected 
to high temperatures and/or pressure at an 
earlier period in geological history. In some 
areas the disintegration of the pollen grains 
and spores occurs in strata as young as 
Miocene, elsewhere not until the Cretaceous 
or the Carboniferous. Comparable meta- 
morphie changes in pure coals have been 
studied in great detail for some time past. 
M. and R. Teichmüller (1954), in a recent 
survey, mainly stress the influence of high 
temperature and time. 


V. TECHNIQUE 


Both well and surface samples may be used, 
and a quantity of 50 g. is amply sufficient. 
It is useless to start the investigation with 
ditch cuttings, but side wall samples and 
cores are highly satisfactory. The former have 
the advantage that the place from which the 
samples are to be taken can be selected on 
the Schlumberger log at lithologically favou- 
rable levels. The samples should be carefully 
cleaned from adhering drilling mud, and only 
used when it is clear that an autochthonous 
piece of the wall has been caught. They can 
also usually be retaken, or, when necessary, 
a certain important interval can be more 
extensively resampled. Conventional core 
samples are ideal for pollen investigation, as 
they generally yield a wider variety of litho- 
logical types than side wall cores. 

When sampling a formation from outcrops, 
all types of sediment present should be col- 


lected, until the particular type which carries 
the best flora has been found; weathered 
samples should not be taken. 

Chemical treatment is carried out at the 
Royal Dutch/Shell laboratories more or less 
according to the method which has been 
repeatedly described in the literature of the 
subject (cf. Erdtman, 1942; Wilson, 1949; 
Kosanke, 1950). The most important processes 
aTteszın, 

1. dissolving any carbonate present (with 

HCI); 

2. dissolving the minerals (with HF); 
3. oxidation of the organic material (with 

Schultze’s mixture); 

4. dissolving humic acids (with KOH); 
5. removal of the mineral ‚components still 
remaining (by means of an alcohol-bromo- 

form mixture of s.g. 2.2). 


The treatment varies according to the type 
of rock to be dealt with. Use of hot reagents 
enables a preparation to be obtained in about 
half an hour, but slower preparation with 
cold reagents may be preferable. This takes 
several days; one laboratory assistant can 
prepare about 200 samples per month. 

In addition to chemicals, glassware, ete., a 
large fume cupboard, together with a centri- 
fuge, should be available. During preparation 
of the samples the greatest care should be 
exercised to avoid contamination through 
dirty glassware, while contamination with 
Recent atmospheric pollen may also be an 
annoying source of trouble. 

The final residues are stained and stored ir 
glycerine, in small phials. Examination is 
made under a binocular microscope allowing 
magnifications from X125 to x 1600. 

Owing to their small size, pollen grains anc 
spores are difficult to trace for re-examination 
The type collections are therefore built up o: 
sinsele-grain preparations (cf. Faegri, 1939 
Erdtman, 1952). In Maracaibo it has beer 
found possible to preserve these for more 
than six years to date. In order to study th« 
grains in different positions or states o 
preservation at least 5 specimens of each typı 
should be collected, if possible. Documenta- 
tion is aided by. desceriptions and mierophoto 
sraphs. For the latter, an oil immersioı 
objective should be used, and care taken t 
obtain the best lighting conditions and th: 
correct combination of film type, filter an: 
stain. 

Type collections in tropical areas may, iı 
the case of the Tertiary, easily contain 50 
different types. 


The results of the examination of the 
samples are plotted in different ways. In the 
first research stage the ordinary type of fora- 
miniferä distribution chart is used; later on, 
for more detailed quantitative work, percen- 
tage graphs (“sawblade” diagrams) are to be 
preferred. 


VI. OTHER MICROFOSSILS 


After the samples have been chemically 
'treated, certain other plant remains are left, 
in addition to pollen and spores. Fragments of 
epidermis and tissue are generally best re- 
presented. The quantity varies considerably 
in different sediments. In some coals it is so 
substantial that the slides become relatively 
poor in pollen content; in other cases, such 
other remains are lacking, and the residue 
may then contain practically nothing but 
‚pollen grains or fragments of them. The state 
of preservation is usually better in younger 
sediments than in older sediments. A striking 
phenomenon is presented by the occurrence 
of numerous fragments of tracheids in pre- 
Eocene strata of Venezuela. Accurate cuticu- 
lar analysis might perhaps yield stratigraphi- 
cally valuable results, but it should be borne 
in mind that transport of these types takes 
place almost exclusively by water, so that 
their sensitivity to facies conditions would be 
great. 

‚In certain sediments an important part is 
played by the Hystrichospherideae, a group 
of marine, now extinct (?) unicellular orga- 
nisms, the exact taxonomical position of which 
is uncertain. They are of the same order of 
magnitude as pollen grains and spores and 
possess a highly resistant wall, provided with 
branched projections. It is doubtful whether 
they are sufficiently differentiated to be of 
. use for stratigraphie purposes, and they, too, 
are sensitive to facies conditions. Experience 
with Quaternary sediments has shown that 
they are capable of bearing reworking re- 
markably well. 

In addition remains of Peridineae and other 
Algae, and of Fungi, may be mentioned. The 
latter may be found in very large numbers, 
especially in certain coals. 

The chitinous inner walls of microforamini- 
fera are not highly differentiated, but may be 
of value for facies studies. 


VII. PALYNOLOGICAL ZONES 


a. General Statement 


In a region in which an attempt is to be 
made to approach certain correlation problems 


57 


by palynological methods, the investigation 
should start with the examination of standard 
sections through formations the relative strati- 
graphie position of which is well known. In 
order to be able to recognize possible re- 
working, and for a general understanding of 
the floral succession, it is important to extend 
this orientative investigation to strata older 
and younger than those which are considered 
to be of immediate interest from the point of 
view of petroleum geology. 

Careful collection of samples from the 
standard section, either from wells or from 
surface sections, the preparation and production 
of single-grain slides, formation of a type col- 
lection, and accurate analysis of the residues, 
takes a great deal of time. Much attention must, 
however, be paid to this, because the future 
success of the investigation is largely dependent 
on it. 

A possible differentiation in the floras found 
may lead to formulation of stratigraphic- 
palynological zones,. These zones may be 
characterized by: 

a. types which occur only in one particular 
zone, or whose stratigraphice highest or 
lowest occurrence is to be found at the 
boundaries of that zone; 

b. types which occur most numerously in one 
particular zone, or whose main distribution 
ends or begins at the boundaries of that 
zone; 

c. a fairly constant association of types, the 
lowest and highest occurrences of which are 
usually to be found elsewhere in the strati- 
graphic column, 

The number of zones will, of course, be 
different in different regions. According to our 
experience, in the Tertiary one may expect at 
least 8, mainly qualitatively defined, major 
zones, each of which may prove to be sub- 
divisible on quantitative grounds. The abso- 
lute age of the zones can only be determined 
by reference to other fossils, but the bound- 
aries need not necessarily coincide with those 
of the current geological time scale. 

The main question is whether a zone has a 
regional value or can be followed only locally, 
and whether it has a time-stratigraphic value. 
Before a zonation is applied in practice, its 
reliability in these respects should be care- 
fully considered. This can be done either 
empirically or by investigating as thoroughly 
as possible the floral changes reflected in the 
diagrams. The latter method obviously de- 
pends on the possibility of determining the 
pollen and spore types; and the older the 
formation the more one has to resort to 
empirical methods. 

Two main factors determine the differentia- 
tion in the pollen floras, i.e. evolution and 
migration. Evolution manifests itself in the 
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sudden appearance of new types, the gradual 
modification of existing types, and the ex- 
tinction of types. Migration is caused by 
changes in climatic and edaphic conditions 
and may be responsible for temporary or 
lasting changes in the composition of the 
floras. 


b. Evolution 


The development of pollen and spores runs 
parallel to that of the major units in the plant 
kingdom. Carboniferous sediments are thus 
characterized by a great diversity of spores of 
pteridophytes and primitive phanerogams, 
whilst genuine angiosperm pollen is lacking. 
Some spore genera occur which are absent 
from younger sediments and probably belong 
to extinct groups; Florinites and Endosnorites 
(Pl. 7), for example, belong to the Cordaitales 
(Schopf et al., 1944). A remarkable feature is 
the sudden disappearance, at about the same 
time, in Europe and North America, of 
Densosporites (Upper Westphalian) and 
Lycospora (Stephanian). 

From the Permian onwards gymnosperm 
pollen of more advanced types plays an 
“ important part, together with the spores of 
pteridophytes. It may be mentioned here that, 
in the younger Mesozoic of such tropical 
regions as Venezuela, Colombia and Nigeria, 
the winged coniferous types are absent, 
whilst grains of the Ephedra type are of very 
common occurrence (Pl. 1: 2—6). The number 
of ridges varies greatly; sometimes a furrow 
is present, just as in the case of the Recent 
Welwitschia. It seems, therefore, that in the 
tropics the Coniferales of the temperate 
regions are replaced by the Chlamydospermae. 

A point of great importance, both from the 
seientifie and the practical points of view, is 
the first appearance of pollen from angio- 
sperms. 


Erdtman (1948) has described a tricolpate pollen 
type from the Lower Jurassic (Tricolpites troeds- 
sonii) which should, according to the author, un- 
doubtedly belong to the dicotyledons. This view 
is generally accepted (cf. Thomson, 1953), but it 
is questionable whether it is correct. At any rate, 
in the case of many almost identical grains from 
the Upper Jurassic of the Netherlands (Pl. 6: 
1-7), one of the colpi is longer than the other 
two, and is provided with rounded-off ends. The 
distance between the short furrows may be smal- 
ler than that between a long and a short furrow. 
Finally, the grains are not ellipsoidal, but flat- 
tened. Accordingly, radial symmetry which, in 
our opinion, is a most important feature of dicoty- 
ledonous pollen, is absent. The grains can perhaps 
best be considered as monocolpate (cf. Pl. 6: 8) 
with two addit:onal furrows on the proximal side. 

In view of this, a relationship should rather be 
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sought with Chlamydospermae (Ephedra, Welwit- 
schia). As has been po’nted out already, some 
fossil Ephedra types still show a furrow. The 
complete absence of a visible wall structure is 
another indication in this direction. 

Nevertheless, the resemblance of T. troedssoni 
to dicotyledonous pollen types is so striking that 
it might well be considered as a forerunner. This, 
then, should be a strong argument in favour of 
assuming a chlamydospermous ancestry for part 
of the dicotyledons. 

On the other hand, macrofossils which are 

undoubtedly angiospermous have been reported 
in the Aptian, and probable cases have been re- 
ported in the Middle Jurassic of England and 
Germany and even in the Rhetic of Greenland. 
The presence of angiospermous pollen types might, 
therefore, very well be expected in Lower Creta- 
ceous and Jurassic sediments. Pl. 6 (9—11) shows 
a few specimens of a type which, in the authors’ 
opinion, could belong to the angiosperms. The 
grains are often united to tetrads, they have a 
rudimentary tetrad scar on the proximal pole, a 
large, scabrate operculum on the distal pole and 
a broad intrastriate zone around the equator. 
Such types occur frequently in the Upper Jurassic 
of the Netherlands and the Middle East and have 
apparently also been found by Pflug in the Lias 
of Siegelsum ®. It is possible that Klaus’s “Tetra- 
densporen” (1953, Fig. 1) and Pollenites reclusus 
of Thiergart (1949) also represent this or a related 
type. 
The differentiated exine and the distal aperture 
would point strongly either to the monocotyleaons 
or to those dicotyledons which possess distalipolar 
apertures, such as Nymphaeaceae and Magnolia- 
ceae. However, the type is probably related to 
that found in the male flowers of Cheirolepis 
mrünsteri from the Rheto-Liassice (Hörhammer, 
1933; cf. Reissinger, 1951). The family Cheirole- 
pidaceae belongs to the conifers, but it is con- 
sidered to occupy an isolated position among them 
(Moret, 1943). 


The great onset of undoubtedly angio- 
spermous pollen does not take place until the 
Upper Cretaceous. In the Senonian many 
important pollen classes are already present, 
together with some classes, modern represen- 
tatives of which are unknown (Fig. 1: 26, 27, 
29). The absence of. pericolporatae, peripo- 
ratae and pericolpatae may benoted. Although 
sculpturing shows variations which are al- 
ready great, highly composite exine structures 
like those in the Compositae are, lacking. 

In the Tertiary the flora gradually assumes 
a modern aspect. Alnus has been found from 
the Lower Eocene onwards both in Europe 
and the U.S.; Bombacaceae (Pl. 2: 11) in the 
Paleocene of Venezuela and Colombia; Olaca- 
ceae (Anacolosa type, Pl. 2: 8) in the Lower 
Eocene of Nigeria and Venezuela; Gramineae 


5 Pflug did not recognize the operculum; he clas- 
sified the grain partly among Classopoll:s (l.c., 
Taf. 16, inter alia 29—31 and 39—41), partly 
among Tircumpollis (l.c., Taf. 17: 28—36). 
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(Pl. 2: 9) from the Middle Eocene onwards 
(both in Nigeria and Venezuela). Pollen of 
Compositae — both Liguliflorae and Tubuli- 
florae — has never been found before the 
Miocene. Other groups disappear in the course 
of the Tertiary, such as the peculiar triangu- 
lar types with very pronounced thickenings 
around the pores and furrows (Pl. 3: 2—5, 7, 
9—11) from the Upper Cretaceous and Lower 
Tertiary of Europe and the United States, 
and the types with equatorial furrows (Pl. 5: 
1—4) that are so common in the Lower 
Tertiary of Nigeria and S. America. 

The outward appearance of some types 
(e.g. Alnus) remains remarkably constant, 
from their first occurrence onwards; others“ 
show gradual modifications. As an example 
the Ctenolophon type may be mentioned. 
It is characterized by conspicuous endexinous 
thickenings, which fuse at the poles, and a 
fine reticulum covering the whole grain. In 
the case of Senonian specimens (Pl. 2: 10), 
the endexine is relatively thin; in the case of 
Tertiary specimens (Pl. 2: 12, 13), the relative 
thickness of the endexine has increased. The 
thickenings may form a ring on the poles, 
which ring, in younger Tertiary specimens, is 
often irregularly divided, just like the grain 
shown by Erdtman (1952, Fig. 244). 

It is clear from the foregoing that qualita- 
tive floral changes based on evolution are 
eminently suitable for defining the regional 
framework of the zonation. They may lead to 
correlations between different sedimentary 
basins, or even to intercontinental correla- 
tions. 


c. Migration 


For more detailed work, however, the 
quantitative boundaries, revealed when a 
diagram is constructed on a basis of percen- 
tages, are much more attractive from the 
practical point of view. These boundaries are 
caused by vegetational shifts which may be 
the result of changes in climatic or edaphic 
conditions. Such factors have, of course, 
ultimately the closest possible connection 


with geological events in or near the place of 
sedimentation, such as orogenies, trans- 
gressions and regressions, etc. Some of these 
events may have produced a temporary or 
local effect on the vegetation cover, others 
may have caused major and lasting changes 
in the flora. 

The most striking changes in the vegetation 
cover are those which are caused by changes 
in climate. In a region such as Venezuela the 
first climatic changes to be considered are 
transitions from relatively arid to more humid 
climates. It will only be possible to reach 
certainty on this point when climate indica- 
tors are found among the fossil pollen and 
spore types. Additional indications can be 
found perhaps in the distribution of thick 
coal layers, which strata are only formed in 
the tropies under extremely humid conditions. 
Another phenomenon which points strongly in 
the direction of alternating climates is the re- 
currence of certain floral elements at different 
levels in the stratigraphie column. This alter- 
nation of floral elements is on a much larger 
scale than the small-scale facies change to be 
discussed below. Such atype offloral boundary 
is among the most valuable for stratigraphical 
correlation, because climatic changes usually 
take place within a relatively short period, 
as compared with evolutionary changes. They 
occur over large areas and directly influence 
the whole vegetation cover on dry land, and 
to a lesser degree also in swamp areas. 
Climates, however, change regionally, espe- 
cially in areas of diversified topography. 
Some caution is therefore necessary when 
long-distance correlation of this type of floral 
change is attempted. 

Changes in edaphic conditions, such as small 
transgressions in swamp areas, peneplanation 
of a mountainous area, with development of 
savanna vegetation, leaching of the soil, are 
bound to have a smaller regional influence 
ihan changes caused by climatic factors. 

In general, pollen grains from plants be- 
longing to coastal vegetations will exhibit 
greater quantitative fluctuations in marine 


PLATE 1 
Some identified fossil pollen and spore types (magnification 1000 x). 


1. Parkeriaceae (Ceratopteris); 
2,3. Ephedra distachya type; U. Eocene, U.S.A. 
4. Ephedra strobilacea type; M. Cretaceous, Irag. 


U. Tertiary, Borneo. 


3. Ephedra strobilacea type; U, Cretaceous, Venezuela. 
10. Ephedra strobilacea type; U. Cretaceous, Nigeria. 


6. Mimosaceae; Miocene, Nigeria. 
7. Cyatheaceae (Hemitelia type); U. Tertiary, 
8, 9. (same grain) Ericales; U, Cretaceous, 


Trinidad cf. Erdtman, 1941, pp. 146—147. 
Nigeria. 


PLATE 2 


Some identified fossil pollen types (magnification 1000 x). 

1. Palmae (Mauritia type); Tertiary, Venezuela. 

2, 3. Malpighiaceae (Aspicarpa type); U. Tertiary, Trinidad. (12 furrows, arranged in cube pattern 
partly provided with pores, which are generally placed near the furrow ends; cf. Erdtman, 1952 
pp. 265— 266). 

4-7. Rhizophoraceae; Miocene, Nigeria. (Zonorate, cf. Erdtman, 1952, p. 378.) 


8. Olacaceae (Anacolosa type); U. Tertiary, N. Guinea. (3 pores on each hemisphere, cf. Erdtman 
1952, pP. 295.) 


9. Gramineae; M. Tertiary, Nigeria. 

10. Ctenolophonaceae (Linaceae s.l.); U. Cretaceous, Nigeria. 

11. Bombacaceae; L, Tertiary, Colombia. 

12, 13. (same grain) Ctenolophonaceae (Linaceae s.l.); Miocene, Nigeria (cf. Erdtman, 1952, p. 244. 


sediments than pollen grains from species 
which occur farther inland. These are less 
sensitive to facies and are therefore more 
suitable for regional correlation. 


An extreme example is provided by the 
pollen grains of the Podocarpus type. These 
are found sporadically in Venezuela from the 
Eocene onwards, but reveal a striking increase 
in the Oligo-Miocene sediments. Podocarpus 
trees are restricted nowadays to mountainous 
districts above about 2,000 m. in height. It 
would therefore appear obvious to connect 
this increase with the origin of a mountain 
range, perhaps the Venezuelan Andes. 


Most caution has to be observed when 
dealing with sediments in which a local over- 
representation of certain floral elements, e.g. 
swamp vegetation, is possible. This is, of 
course, applicable to lignites and coals in the 
first place, but also to sediments in respect 
of which such over-representation is not 
immediately obvious from the lithology. From 
the Oligocene onwards in Venezuela, Nigeria, 
New Guinea and Borneo pollen grains of the 
Rhizophora type, which point to a mangrove 
vegetation, often occur in enormous quanti- 
ties. In view of the great “facies sensitivity” 
of this type of vegetation, increases and de- 
creases here will be determined first and 
foremost by local conditions, and will be 
valueless for correlation. 


It is thus clear that an understanding of the 
botanical relationship of the fossil types is of 
the greatest importance, because it can provide 
the key to an ecological interpretation of the 
phenomena observed, and to a subsequent 
separation of regional from local floral change. 
Without this key empirical work has to be 
resorted to. Such a case presented itself in 
Venezuela, in the Middle Eocene of the Lake 
Maracaibo basin. There, one of the main 
problems was the correlation of different 
sandstone bodies in a monotonous sandstone- 
shale facies, devoid of diagnostic animal fossils. 
The maximum correlative distance was 90 km., 
and it was soon evident that the floral succes- 
sion in the different well sections was not 
identical. Some pollen types had an erratic 
distribution, while others showed a similar 
succession over the whole area. Evidently the 
first group had a local, probably facies-bound 
distribution, while the second group repre- 
sented a regional floral succession, which was 
perhaps due to climatie causes. Confirmation 
of this by study of the botanical affinities of 
the types involved was not possible, owing 
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both to lack of time and to the fact that the 
Eocene floras are already quite different from 
the Recent flora, which makes uncertain any 
detailed interpretation of ecologie conditions 
in the area in Eocene times. The disturbing 
influence of the local vegetation was elimina- 
ted by calculating the percentage ratio only 
of those types which showed the regionally 
similar succession. The floral zonation was 
then established on the basis of the character- 
istics shown in the curves of the “restricted 
diagrams”. The strikingly similar floral succes- 
sion thus obtained over the whole area makes 
it highly probable that the floral zones based 
on these changes have time-stratigraphical 
value. Similar methods have been followed 
in the practical application of palynological 
correlation methods in lignite mining opera- 
tions in Germany (Rein, 1950). 


Summarizing the foregoing, it will pe seen 
that some at any rate of the alterations in the 
mieroflora observed in a certain region are 
synchronous, and are therefore recognizable 
in all sediments in which the pollen has been 
preserved, irrespective of its facies. This has 
proved in practice to be one of the most 
important advantages of the new method, 


especially in the case of regional basin 
studies. 
VII. STRATIGRAPHIC RESULTS IN 


WESTERN VENEZUELA 


The preceding survey of palynological 
working methods will now be further exem- 
plified by a discussion of some practical 
results obtained with the new methods in the 
well known oil field area of western Vene- 
zuela (Maracaibo Basin, Fig. 5). 


Fig. 6 shows the result of an investigation 
of correlation possibilities in the Eocene, part 
of which is oil-bearing, in the Paez-Mara- 
Maracaibo distriets and the northern Lake 
area. The aim was to correlate the major 
sand bodies in different well sections. It is 
clear that locally the palynological correlation 
line crosses the faunal zones, here reflecting 
local facies changes. Regionally, however, the 
assumed time-stratigraphic pollen correlation 
confirms the earlier conclusions arrived at on 
the basis of the distribution of the Trochammi- 
na zone, which gave a fair indication of the 
time-stratigraphy. The sand correlation is now 
based on the palynological zonation, and it is 
believed that in this way a better picture is 
obtained of the geological development, and 
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especially of the facies changes, than was 
formerly possible, when only faunal zones 
were known. 


The correlation table of Fig. 7 shows the 
general results achieved up till now, with the 
aid of palynological methods, in correlation 
between the four facies provinces generally 
recognized in the Tertiary of western Vene- 
zuela (Schaub, 1946). These provinces are 
found in the following areas: 


1. Mara-Maracaibo area 
2. Colon area 

3. Bolivar 
4. Falcon area. 


area 


Correlation between these areas has always 
been very difficult owing to the lack of diag- 
nostic fossils, and also because the centre of 
the Maracaibo basin is covered by Lake 
Maracaibo, a fact which restricts geological 
work very much to the rim of the basin. 
An identical floral succession has now been 
established in all four areas®, and it is 
believed that this provides a sounder basis 
for regional correlation than that obtained by 
other methods. Consequently, it appears that 
some of the older stratigraphical interpreta- 
tions will have to be revised. 


In the correlation table, the stratigraphiec 
names in the Colon area (with the exception 
of those for the Mirador formation) are based 
on the nomenclature published by Notestein 
(1944) in connection with the Barco conces- 
sion in Colombia. The stratigraphic names of 
the other sections have been derived from 
Hedberg and Sass (1937), with the exception 
of those for the Betijoque and Mirador forma- 


% Falcon area not depicted on Fig. 7. 


tions, which have been described by Liddle 
(1946), and the Concepcion formation, which 
was first discussed by the staff of the Shell 
Caribbean Petroleum Co. (A.A.P.G., 1948). 
Lithological descriptions of the formation> 
mentioned can be found in the literature cited 
above. The references to the age of the 
formations as shown in the correlation chart 
are slightly generalized. In this connection it 
must be pointed out, in particular, that the 
position of the boundaries between the Eocene 
and Oligocene, and also between the Oligo- 
cene and Miocene, has not yet been accura- 
tely established, in consequence of which the 
age of the boundaries between the Leon and 
Carbonera formations, and between the La 
Sierra and El Fausto formations, is not exactly 
known. It is also not very clear which part of 
the Guayabo and Lagunillas formations be- 
longs to the Oligocene and which part to the 
Miocene. 


Comparison of the correlation presented in 
Figs. 7 and 8 with the chart published by 
Mencher et al. (1953) shows that, on the basis 
of palynological evidence, the Catatumbo and 
Barco formations, and the greater part of the 
Los Cuervos formation, are correlated with 
the Paleocene Guasare formation of the Mara- 
Maracaiko district. The pollen flora found in 
those largely non-marine and otherwise un- 
fossiliferous formations in the Colon area is 
the same as the flora found in the marine 
Guasare in the Mara-Maracaibo area, and is 
therefore concluded to be of the same age. 
This correlation is supported by the regional 
top of pelagic foraminifera, indicating the top 
of the Cretaceous, running fairly parallel with 
the correlation indicated by polien analysis. 
A striking feature is that this line too, like the 
poılen line, crosses the facies unit indicated 


PLATE 3 


Some fossil pollen types of unknown taxonomic position (magnification 1000 x). 


1 
2, 
4 


6. Syncolpate, finely striate. Coniacian, Nigeria. 


7. Periporate (3 ectexinous pores on each hemisphere, 


rounded by heavy costae). L. Tertiary, Germany. 


. Monoporate (!) intectate reticulate. Senonian, Nigeria. 
3. (same grain) Tricolporate, tectate verrucate. L. Tertiary, Germany. 
‚3. (same grain) Tricolporate, tectate psilate; endocolpus (see p. 6) very clear. L. Tertiary, Germany. 


one endexinous pore per set of 2 pores; sur- 


8. Syncolpate with equatorial bridges (or rather “diplotrichotomosulcate”), intectate reticulate, U. 


Cretaceous, Colombia. 


9. Tricolporate, tectate psilate-scabrate; short furrow 
transversal furrows in endexine, provided with coars 
10, 11. Tricolporate; endexine very thin, round pores 
12. Stephanocolporate (zonorate). U. Cretaceous, 
13. “Endosyncolpate”; 3 furrows in the endexine which fuse at 


ectexine. L. Tertiary, Germany. 


s in ectexine provided with heavy thickenings, 


e, somewhat irregular costae. Eocene, U.S.A. 


faintly visible. L. Tertiary, Germany. 


Nigeria. 


the poles, 3 small round pores in the 


14. Tricolpate, tectate foveolate-perforate. Paleocene, Colombia. 


PLATE 3 


PLATE 4 


by the Rotalia and Discorbis bottom-living 
assemblages; this unit shifts to younger time 
levels in northerly direction. A further point 
of interest is the apparent time-stratigraphic 
correlation obtained from electrical logs, 
ceovering the pollen line (see Fig. 8 and also 
Dufour, 1951). It is concluded that the marine 
Guasare formation in the north is contempo- 
raneous with the thick coal-bearing sequence 
of shales and sandstones of the Catatumbo, 
Barco and Los Cuervos formations in the 
south, and this appears to give a more logical 
picture of sedimentation conditions during 
Paleocene time than we had previously. The 
facies shift, as mentioned above, into a higher 
time-stratigraphic level in the direction of 
off-shore deposition, expressed by the Rio de 
-Oro-Guasare lithology and its benthonic fora- 
miniferal assemblages (Discorbis and Rotalia 
assemblages), is noteworthy. 


Another point of interest concerns the 
Mirador formation which, according to paly- 
nological evidence, is mainly of Lower Eocene 
age and can be correlated with the Orumo, 
Mostrencos and Paso Diablo formations, with 
the lower part of the Concepcion formation and 
with the Trujillo formation of Sutton (1946). 
The Trujillo formation underlies the “second 
orbitoid level”, the age of which is Lower 
Middle Eocene according to determination of 
its larger Foraminifera by de Cizancourt 
(1948) and van Raadshooven (1951). Sutton 
(1946) correlated the Mirador formation with 
the Misoa formation and stated that “the 
Mirador formation has recently been traced 
around the southern edge of the (Maracaibo) 
basin into the type Misoa”. According to 
palynological evidence such a correlation is 
not correct. 


Slishtly higher in the sections of Fig. 7 it 
will be seen that the lower part of the 
Carbonera formation is correlated with the 
La Sierra formation of the Perija range and 
witn the Pauji formation on the east side of 
Lake Maracaibo. The disconformity indicated 
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at the base of the Carbonera and La Sierra 
formation does not extend eastward to the 
Bolivar coast area. The age ‘of the Pauji 
formation is partly Upper Middle Eocene 
(van Raadshooven, 1951); and that of the 
Carbonera formation is Upper Eocene 
Lower Oligocene, and not only Upper Eocene, 
as stated by Mencher et al. (1953). 


As regards the Hannatoma-bearing beds, 
occurring in the Carbonera formation in the 
southwestern part of the Maracaibo basin, 
the pollen flora of these beds has not as yet 
been studied. It has therefore not yet been 
established on pollen evidence whether this 
Hannatoma molluscan fauna in Venezuela is 
confined to the Upper Eocene or not. 


Continuous deposition, during Paleocene- 
Eocene time, only took place in the Bolivar 
coast area, while during Oligocene time 
continuous deposition took place only in the 
SW part of the Maracaibo basin. With the 
exception of a few marine beds which are 
related to the marine La Rosa incursion of the 
northern Lake area, all these deposits are 
continental in origin. It is probable that no 
sedimentation took place during a large part 
of the Oligocene in the Mara-Maracaibo Lake 
and Bolivar area. There is no palynological 
evidence for the exact stratigraphic posıtion of 
the Icotea formation, as no pollen has been 
found in it. 

A last important problem for the solution of 
which palynological correlation provides new 
evidence is the controversy over the age of the 
La Rosa and Lagunillas formations. The cause 
of this controversy lies in the fact that the 
molluscan faunas in the La Rosa formation 
were assigned by Hoffmeister (1938) to the 
Lower Miocene and by some Shell palaeonto- 
logists (unpublished reports) to the Middle 
Miocene, on the assumption that the Mio- 
gypsinae included were reworked from older 
deposits. Drooger, however, recently (1952) 
commented as follows: “The Miogypsinae of 
the samples from the Middle Miocene La Rosa 


PLATE 4 


Some fossil pollen and spore types of unknown taxonomic position (magnification 1000 x). 


Tricolporate, tectate psilate. Miocene, Nigeria. 


Tricolpate. U. Cretaceous, Nigeria. 
Tricolporate, tectate reticulate. Miocene, Nigeria. 
Monolete, gemmate. U. Tertiary, Borneo. 


SOEBEN FISCH Je 


Inaperturate, intectate scabrate + clavate. Miocene, Nigeria. 
Triporate, reticulum never fixed to the columellae. Miocene, Nigeria. 


Periporate (5 pores on each pole), tectate psilate. Miocene, Nigeria. 


Tricolporate, tectate psilate; exine cavate. Miocene, Nigeria. 
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formation are stated to be reworked from 
older, Oligocene, deposits. However, each of 
these assemblages appeared to be homoge- 
neous, no trace of reworking being visible. 
Therefore, some doubt may be expressed 
as to the age determinations of these 
samples, an Uppermost Oligocene age being 
more suitable”. 


On the basis of the newly obtained palyno- 
logical evidence the La Rosa formation should 
be correlated with the Agua Clara formation 
in Falcon, which, according to Sem (1940), 
is of Upper Oligocene age; this was confirm- 
ed by Shell palaeontologists (unpublished). 
On this basis and accepting Drooger’s views as 
correct, the Lagunillas formation, which pro- 
bably represents the retreating phase of the 
La Rosa marine ingression, correlates with the 
Carro Pelado formation in Falcon. The paly- 
nological zones recognized in the La Rosa and 
Lagunillas formations can also be traced in the 
lower part of the Betijoque formation in the 
North Andean foothills, and in the Guayabo 
formation of the Colon area. 
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PLATE 5 


Some fossil pollen types, belonging to interesting pollen classes. 

1—4. Pollen types with one equatorial furrow, surrounding the whole grain and dividing the grain 
into 2 identical parts. 

1. Tectate perforate/intectate reticulate. Paleocenz, Colombia. 

2, 3. Idem Eocene, Nigeria. 

4. Intectate reticulate (M. Tertiary, Nigeria). 

5—6. Pollen types with one ”trichotomocolpate” aperture (Palmae?). 

5. Intectate reticulate. U. Cretaceous, Nigeria. (cf. Acanthoriza mocinni, Erdtman, 1952, p. 305.) 

6. Tectate psilate. Tertiary, Colombia. 

7—9. Highly developed pollen types with, on each hemisphere, one colporate aperture and a com- 
plicated system of parallel secondary furrows running at right angles both to the central furrow and 
to the corresponding furrows on the other hemisphere. 

7,8. (same grain, only upper and lower wall focused). Tectate perforate (one row of perforations 
between the secondary furrows). U. Tertiary, Trinidad. 

9. (only upper part focused). Almost identical type with 3 or 4 furrows running parallel to the 


equator. U. Tertiary, Trinidad. 


PLATE 6 


PLATE 7 


Composite microphotographs of a slide prepared from a shale in the Dutch well Haaksbergen 1 
(947 m), belonging to the Carboniferous (Westphalian D, according to Dijkstra (in the press)) (magni- 
fication 500 x). 

Top row: from left to right: Granulatisporites, Lycospora, Granulatisporites, Punctatisporites, 
Triquitrites; 

Middle row: Laevigatosporites, Raistrickia, Lycospora, Endosporites, Triquitrites, Florinites; 

Bottom row: Lycospora, Cirratriradites, Florinites Lycospora, Punctatisporites. 


PLATE 6 


Some fossil pollen types from an Upper Jurassic sample from the Netherlands (well Schoonebeek 232, 


depth 862-863 m) (magnification 1000 x). 
1-7. Pollen grains with three furrows. No. 7 probably belongs to a different type. Exine undiffe- 


rentiated. 
8. Monocolpate pollen grain. Exine undifferentiated. 
9-11. Tetrads of operculate grains with a large scabrate operculum and a broad intrastriate zone 


round the equator. 


PLATE 8 


Composite microphotographs of a slide prepared from a carbonaceous clay sample, collected at River- 
side loc., Jackson, Miss. (Upper Eocene, lower part) (magnification 500 x). 

Top row: from left to right: monolete spore (Polypodiaceae); tricolporate reticulate pollen; triporate 
pollen (type 9 of Fig. 4); periporate pollen (cf. Juglans); tricolporate pollen, 

Middle row: monocolpate pollen; tricolporate, scabrate pollen; vesiculate pollen (Coniferae); tricolpo- 
rate pollen. 

Bottom row: syncolpate pollen; triporate pollen (type 10 of Fig. 4); tetraporate pollen (Ulmaceae); 
tetrad: trilete, striate spore (dorogensis type); tricolpate, reticulate pollen. 
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INTRODUCTION 


Three years ago the writer visited the 
Colombian island of La Providencia, lying 
some 1230 miles east of Nicaragua. A day and 
a half was spent collecting rock specimens 
from this beautiful and unfrequented island. It 
was the intention to pay a similar visit to San 
Andres, lying about 55 miles SSW of La 
Providencia, but high seas made a landing 
impossible. A Nicaraguan fisherman, Enrique 
Cardosa, a man of unusual interest in natural 
history and quite astonishing acquaintance 
with geology, later came to Prinzapolka, Nica- 
ragua, and gave the writer some samples 
gathered from San Andres, Cardosa gave as- 
surance that all specimens had been taken 
from rock in situ. 

Lying east of the Mosquito Coast of Nica- 
ragua are innumerable cays and small islands, 
many of which are near the coast but some 
are as far seaward as 230 miles. Almost all are 
capped with Recent coral limestones. Those 
nearer the mainland, including the American- 
leased islands of Great and Little Corn, are 
composed of young volcanics, essentially of 
andesitic type, usually fringed by coral reefs. 
None of these cays and islands are large, nor 
are they high: the exceptions are La Provi- 
dencia and San Andres. 

The former island is about 413 miles long, 
2%» miles wide, and covers about 8%, square 
miles. A channel, only yards broad, which has 
cut through a tombolo, separates the main 
island from Santa Catalina island. High Peak 
(because of the early English historical back- 


I Consulting geologist and geophysieist, Mamer, 
Luxembourg. 


ground of these islands, geographical features 
have both English and Spanish names) in the 
east-central part of La Providencia, reaches 
an elevation of 1870 feet, and in the vieinity 
are several hills over 1500 feet?. The topo- 
graphy is extremely rugged, and even along 
the coasts, the coral limestones present a most 
rough aspect. In general, high and steep cliffs 
rise from the water’s edge, especially in the 
southern half of the island. Elsewhere the 
coastline is smooth, low, and tends to be 
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Fig. 1 — Situation of La Providencia and San 
Andres. 


swampy. The mangrove swamps result from 
the infilling of inlets and lagoons behind off- 
shore bars. A broad, prominent coral reef lies 
off the southern and southeastern coasts, 
whilst off-shore bars and shoals characterize 
the northeastern coast. Generally, the western 


? Elevations taken from maps "Isla de Providencia’ 
and ’Isla de San Andres’, scale 1 : 15,000, of the 
Instituto Geografico de Colombia ”Agustin Co- 
dazzi”. Sarmiento and Sandoval (see below) appear 
to have used the old British Admirality charts 
1334 (Old Providence) and 1511 (St. Andrew), 
which are hachured and show lower elevations. 
The Codazzi maps are partially contoured. 


coast is more exposed, and such reefs as occur 
have little effect in damping the energy of the 
waves. Because ofshoals, coral reefs, treacher- 
ous cürrents and often strong seas, navigation 
is a diffieult task, and the only good anchorage 
is Bahia de Sta. Catalina, where the chief 
township, Isabel, lies. 

San Andres is about 8 miles long, 2 miles 
broad, with an area of some 10 square miles. 
A central range of hills, reaching a maximum 
of 525 feet in Lever Hill, lies closer to the west 
coast and rises steeply from the coastal plains. 
Almost the entire coastline is low and swampy. 
Off-shore bars and barrier reefs protect most 
of the eastern coast, but deep water extends 
relatively close to the western coast. 

Streams are lacking in San Andres and in 
La Providencia there is only one worthy of 
the name, Salt Creek, flowing westward from 
High Peak. 

The topographie and geologice aspect of La 
Provideneia is similar to such Lesser Antillean 
islands as Dominica, Martinique, St. Lucia and 
St. Vincent. However, important differences 
refer to the lack of tuffs on La Providencia, 
and also the relative scarcity of red clay 
deposits resulting from the weathering of the 
volcanies. Present-day volcanic activity is 
known on the above Lesser Antillean islands. 
The writer was informed that about 34 mile 
NW of High Peak there occurred several very 
small cauldrons, emitting boiling water and 
steam, as well as sulphurous deposits, but it 
has not been possible to check on the authen- 
tieity of this statement. 

Split Hill is a striking topographic feature. 
A large gash, perhaps 70 feet deep and 40 feet 
across at the top, contains rock fragments 
which have fallen into it. The Hill itself is 
composed of rock taken to be essexite (?) and 
most of the deeply-weathered material within 
the gash is of similar composition. Local inhab- 
itants say the gash was formed by an earth- 
quake ’many years ago’, but whether the 
feature was caused this way, by rending apart 
due to upward pressure of magmatic material 
or by graben-type faulting could not be deter- 
mined in the time available. 


The volcanics are intruded by dykes in many 
places, notably along the southeast coast. Most 
dykes are vertical, have a general NW-SE 
strike and none seen exceeded 3 feet in width 
or 100 feet in length. All dykes noted were 
composed of dioritic-type rocks. The contact 
of the dykes with the country rock is invaria- 
bly marked by a weathered groove and filled 
with rotten rock. This groove offers a clue as 
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to the recency of the dyke intrusions, for it is 
assumed that in time the dykes will prove 
more resistant to erosion than the country 
rock, for the rotten rock in the grooves consists 
of country rock material, and hence it is pre- 
sumed that in time, the dykes will occur as 
prominent features rising above the country 
rocks. 


The streams have the characteristics of youth 
and of rejuvenation. Topographie adjustment 
is seen in the accelerated velocity at the 
debouchures of tributary streams into the 
main ones. The lengsthening of the streams by 
uplift of the island is the cause of the 
eircuitous routes followed by the lower 
courses of some streams. Upon the uplifted 
coastal plains, scour channels, developed by 
strong undertow currents, had already eroded 
out narrow depressions, and the extended 
streams have utilized these channels in reach- 
ing the present coastline. Recent uplift is 
also responsible for river capture of one of 
the streams flowing north into Bahia de Sta. 
Catalina. 

Proof of Recent uplift is further seen in 
marine terraces, especially in the southeast 
coastal area. Stream erosion and detritus 
washed down from the higher slopes have 
obliterated much, but shell-filled sands and 
gravels, as well as coral fragments, testify to 
a rise of some 20 feet. Along the coast north 
of the lisghthouse at the extreme southwest 
point of the island, undercut cliffs and caves, 
now raised about 17 feet above high tide, are 
further witnesses of emergence. 

As far as the writer is aware, only two 
publications make reference to the islands of 
La Providencia and San Andres, those of 
Pilsbury (1930) and Sarmiento, Sandoval and 
Royo (1947). Pilsbury’s account deals only 
with fossil descriptions, but from the indica- 
tions of the localities where fossils were 
obtained, it appears that he must have 
covered the islands in quite a thorough 
fashion. The purpose of the survey by Sar- 
miento and Sandoval was to investigate the 
guano deposits of these islands and neigh- 
bouring cays, and hence relatively little 
attention was given to the general geology. 
However a few petrographic studies were 
made and fossils collected were determined 
by Royo. 


DESCRIPTION OF ROCK SAMPLES 


General statement 
Twenty-two rock specimens were collected 
by the writer from La Providencia. The 
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rugged terrain, dense tropical growth, the 
cliffs and swamps along the coasts rendered 
rapid movement difficult. Ten specimens were 
collected by Cardosa from San Andres, but 
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disintegrated opal, in a groundmass of 
labradorite and dirty-brown glass. Few 
grains of epidote, apatite and zircon, and 
much magnetite. 250 yds. up ridge due 
north of old Ft. Aury, Sta.-Catalina island. 


" Andesite. Grey-black rock, with small 


phenocrysts of zoned labradorite and 
andesine, and lathes of brownish horn- 
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Fig. 2 — Sketch map of La Providencia. 


housed in the Department of Civil Engineer- 
ing, University of Puerto Rico, Mayaguez, P.R. 
PAR: 


La Providencia 


LP 1. Augite-andesite. Brown-black, oily-loo- 
king rock, with amygdales of bluish opal. 
Phenocrysts of andesine and augite, with 


LP 


blende. Groundmass of plagioclase and 
devitrified glass of very fine grain. Sum- 
mit of highest hill in Sta. Catalina island. 


. Basalt. Greenish augite phenocrysts and 


abundant lathes of labradorite. Serpen- 
tine(?) developing from decomposed 
blackish mineral which may be olivine. 


Crest of road running east from Isabel to 
east coast. 


LP 10. 


. Augite-andesite. Similar to LP 1, but 


containing much less opal, which, however, 
is highly fractured. 150 ft. from summit of 
NE Hill, eastern slope. 


. "Analeite-andesite. Greenish-brown, deep- 


ly-weathered rock. Zonal plagioclase, 
chiefly of albite composition, and purplish 
pleochroic augite in almost equal propor- 
tions. Olivine altered to serpentine. Mi- 
crolites of augite and very small flakes 
of biotite. Scattered round grains of anal- 
eite occurring between the plagioclases, 
and, in some cases, replacing the latter to 
varying degrees. One or two clusters of 
calcite. Near base of southern slope of 
NE Hill. 

Essexite(?). Greenish-grey rock, of dis- 
tinct diabasic texture. Andesine the pre- 
dominant plagioclase, but albite and la- 
bradorite recognized. K-orthoclase occur- 
ring as irregular borders around the 
plagioclases. Purple pleochroic augite. 
Lathes of strongly pleochroic biotite. Na- 
trolite replacing plagioclase in places. 
100 ft. below summit of northern side of 
the gash, Split Hill. 

Hypersthene-basalt. Greenish-brown rock, 
fine-grained, with greasy lustre. Several 
large phenocrysts of hypersthene and 
clusters of albite in needle-like form. 
Hypersthene partly altered to poorly pleo- 
chroic bluish bastite Fine, even-grained 
groundmass of plagioclase, zoisite and 
augite, lastnamed largely altered to 
chlorite. Relatively large amount of re- 
erystallized magnetite and thin lathes of 
apatite. 100 ft. below summit of Fair Way 
Hill, eastern slope. 

Quartz-diorite. Fine-grained, grey-black 
rock. Labradorite and subordinate ortho- 
clase phenocrysts. Clusters of hornblende, 
some altered to chlorite. Lathes of diop- 
side. Groundmass of quartz, chlorite and 
small brown biotite flakes. Relatively 
large amount of titanite, which can be 
seen decomposing from Ti-bearing horn- 
blende. Quartz occurs as interstitial grains 
with corroded appearance. Apatite, epidote 
and magnetite as accessories. 50 ft. from 
summit of Iron Wood Hill, southeast slope. 


. Nepheline-basalt. Brown-grey rock. ’Hour- 


glass’ structure, greenish augite pheno- 
cerysts, also euhedral crystals of olivine 
phenocrysts altering to iron oxides. Holo- 
erystalline groundmass of augite, nephe- 
line, biotite, analecite and calcite. The 
nepheline is largely decomposed, showing 


radiating clusters of acicular crystals. 
Summit of High Peak. 
Diabase. Medium-grained, dark-grey, 


deeply-weathered rock, with spheroidal 
structure. Characteristic ophitic texture. 
Oligoclase and albite prismoidal crystals, 
with inclusions of apatite. Pale-yellow 
diopside, highly altered to green chlorite. 
Cubic crystals of magnetite, altering to 
limonite. Idiomorphic ilmenite. Partly 
chloritized uralite. Fine-grained aggrega- 
tes of quartz, of secondary origin. Middle 
of the saddle between High Peak and hill 
to the southeast. 


LP’. 


EPZ12 


EP213: 


LP 14. 


LP 15. 


LP 16. 


EBRIL% 


DIS: 


TB,319} 


29 


Diorite. Coarse-grained, greyish rock. 
Anorthite and bluish augite comprise 
90 % of the specimen. Minor constituents 
chiefly hornblende and magnetite, Much 
of the plagioclase has undergone sericiti- 
zation, but little chloritization of the 
augite is evident. Some quartz shows un- 
dulatory extinction. Ilmenite, apatite and 


magnetite chief accessories. Spanish 
Saddle, 120 ft. below summit, western 
slope. 


Quartz-biotite-diorite. Greyish-brown, 
medium-grained rock. Albite, oligoclase, 
quartz and biotite of hypidiomorphic oc- 
eurrence. The plagioclases are partly seri- 
citized. Quartz has enclosures of apatite 
as well as gaseous and liquid inclusions. 
Discoloured blackish biotite, altering to 
chlorite. Brownish-green hornblende, oc- 
tahedral magnetite, zircon, chlorite and 
orthoclase also present. Kalico Point. 
Quartz-biotite-hornblende-diorite. Similar 
to LP 12, but hornblende, of colourless 
variety, more prominent. 75 ft. below 
summit of Murray Hill, eastern slope. 
Quartz-hornblende-diorite. Fine-grained, 
greyish-green rock. Partly-twinned albite, 
showing partial chloritization. Hornblende 
in places corroded and partly decomposed 
into epidote. Quartz and plagioclase show 
granophyrice intergrowths. Prisms of 
apatite in the plagioclase. Headland at 
extreme southeast corner. 
Quartz-biotite-diorite. Similar to LP 12, 
but shows needles of tourmaline and vein- 
lets of epidote. Lighthouse at extreme 
southwest corner. 

Quartz-biotite-diorite. Similar to LP 15, 
minus tourmaline. Plagioclase more serici- 
tized and saussuritized. 200 yds. on west 
side of summit of road crossing island at 
south end. 

Tuffaceous shale. Greenish-black, fine- 
textured, laminated, calcareous shale 
which could also be considered a stratified 
ash. Very soft, but, less pliable than ordi- 
nary shale. Small specks of magnetite and 
what is considered carbonaceous matter 
are present. Calcite grains scattered in 
clusters. Possible fossil fragments, deter- 
mination not made, but are foraminifera. 
Punta Caiman. 

Hypersthene-andesite. Greyish-brown, 
fine-grained rock. Idiomorphic pheno- 
erysts of bytownite, labradorite and ande- 
sine, with complex twinning, also a few 
phenocrysts of hypersthene, showing good 
prismatic cleavage and pleochroism. 
Scattered, strongly pleochroice hornblende. 
Magnetite occurring as a few octahedral 
erystals. Some microlites of augite. Half- 
way up western slope of Sugar Loaf. 


Trachy-andesite.e. Grey-black, deeply- 
weathered rock of pronounced porphyritic 
appearance. The core of the plagioclase 
phenocrysts consists of bytownite-labra- 
dorite, changing to andesine at the mar- 
gins. Insets of sanidine(?). Some plagio- 
clase erystals measure up to 1 cm. in 
length. Also phenocrysts of black augite 
and corroded, greenish hornblende. Micro- 
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Fig. 3 — Sketch map of San Andres. 
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crystalline groundmass of blackish horn- 
blende, blue-black augite, grey diopside, 
but chiefly of siliceous material. Few 
specks of quartz recognized. Half-way up 
western slope of hill behind Buenavista. 


Augite-basalt. Greyish-black rock of 
porphyritic appearance. Large phenocrysts 
(up.to 14 cm) of blue augite, showing 
’'hour glass’ structure, and zoned plagio- 
clase. Magnetite and olivine altering to 
serpentine, also chlorite prominent. Skele- 
tal grains of ilmenite. In hand specimen, 
black augite crystals easily detached from 
the rock, and show good prism and clino- 
dome faces. 130 ft. from summit of Mt. 
Prosperous, northern slope. 


Coral limestone. White, porous rock, 
partly re-crystallized, consisting chiefly of 
coral fragments, including Orbicella an- 
nularis (Ellis and Solander), Siderastrea 
siderea (Ellis and Solander) and Solenas- 
trea bournoni Milne-Edwards. Southern 
headland facing Catalina harbour. 


Trachyte. Greyish-white, fine-grained 
rock. Irregular-shaped crystals of quartz, 
highly fractured and filled with iron 
oxides. Twinned labradorite, of rounded 
shape. Green augite and blue-purple 
hypersthene, both of which frequently 
enclose the labradorite. Corroded brown 
hornblende. Groundmass of orthoclase and 
oligoclase, with some quartz. Half-way up 
western slope of hill Iying about 500 yds. 
SE of Isabel. 


In order to complete petrographic details, 
the four specimens studied by Sarmiento and 
Sandoval, and collected from La Providencia 
are given below (sample numbers are those 
of the above authors): 


Quartz-monzonite. Porphyritic texture, 
with phenocrysts of albite, orthoclase, 
biotite, magnetite and sanidine inclusions 
in the orthoclase. Phenocrysts embedded 
in a granular groundmass composed of 
quartz and feldspar. Feldspars partially 


SA-67. 


SA-68. 


SA-69. 


altered to sericite. Magnetite is an acces- 
sory, and possibly also chromite occurs. 
On road from Isabel to the Mountain(6) — 
presumably the hill behind the township. 
Rhyolite. Between the feldspar pheno- 
erysts occurs orthoclase. The quartz 
erystals contain inclusions of zircon, also 
some rutile and biotite. The matrix is 
composed of a finely-crystalline aggregate 
of quartz and feldspar. Texture porphyri- 
tic. Rocky Point. 

Quartz-basalt. Porphyritic hypocrystalline 
textured black rock. Phenocrysts of al- 
bite, augite and also some quartz which 
contains inclusions of gas and zircon, 
Grains of ilmenite partially altered to 
leucocene. Calcite and glass present in 
interstices. Smooth Water Bay (= Bahia 
del Suroeste). 

Rhyolite. Aphanitic rock of very fine 
grain, white to grey in colour. Contains 
some glass phenocrysts. Porphyritic tex- 
ture. Also some phenocrysts of plagioclase 
and biotite. Granular microcrystalline 
matrix. Boutham House. 


San Andres 


BACH: 


SA 2. 


SA 3. 


SA 4. 


SA 5. 


SA 6. 


Lamprophyre. Oligoclase-andesine and 
hornblende, altering to chlorite, both oc- 
curring as lathes. Groundmass consists of 
prisms of hornblende, magnetite and some 
calcite. Eastern slope of hill lying east of 
Wrisht Hill. 

Andesite. Brecciation has cemented horn- 
blende crystals with caleite. In places, 
hornblende altered to limonite and often 
chloritized. Much calcite and pyrite in the 
groundmass. Indications of propylitization. 
Half-way up western slope of M. Derecho. 
Granodiorite. Oligoclase-andesine embed- 
ded in allotriomorphic quartz. Some of the 
plagioclase show sericitization. Secondary 
green hornblende enclosing colourless 
augite. Penetrating the hornblende are 
some sphene crystals. Magnetite and apa- 
tite plentiful. Near summit, northern 
slope, Wright Hill. 

Quartz-basalt. Bluish, aphanitic rock, with 
phenocrysts of caleie bytownite and gree- 
nish, subhedral, twinned ausgite. Interstitial 
qauartz grains present. Groundmass com- 
posed chiefly of feldspar lathes and 
granules of magnetite and brown biotite. 
Phenocrysts of feldspar are more calcic 
than the groundmass feldspar. Because 
of this. and the considerable quartz pre- 
sent, the rock is called a quartz-basalt 
rather than an andesite. Hill lying north- 
west of Golfo Suroeste. 

Coral limestone. Cavernous, hard, cream- 
white limestone, weathering to yellow- 
buff colour. Consists mostly of large heads 
of Orbicella annularis (Ellis and Solan- 
der), the commonest coral on living reefs 
in the West Indies. Pozo Sipson. 

Diorite. Granoblastic aggregates of poorly- 
zoned labradorite, and grenulitic aggre- 
gates of blus-gresn hornblende. Biotite, 
apatite and quartz occur in interstitial 
grains, the apatite as needles in the pla- 
gioclase. Hematite and pyrite present in 
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very small amounts. Eastern slope, Loma 
Arroyo. 

Epi-syenite. Strongly-pleochroice amphi- 
bole oceurring as lathes and needles, some 
of which show an orientation. Within the 
amphibole crystals are indications of 
transformation into another amphibole, of 
greenish-blus colour. The interstices are 
composed of albite and anorthite xeno- 
morphic twinned crystals. Biotite and 
epidote accessory, also few grains of 
apatite, sphene and pyrite. This rock is 
termed an epi-syenite in the sense defined 
by Lacroix (1920). Barranca del Norte. 
Pyroxene-diorite. Dark-greenish, coarse- 
grained rock, Prominent elongate, sub- 
hedral, brownish augite crystals, some of 
which show faint pleochroism, presum- 
ably altering to hornblende. Intergrowths 
of kbluish hornblende and clinozoisite. 
Calecic andes’'ne showing good zoning. 
Accsssories include sphene, apatite, mag- 
netite and ilmenite. Near summit of Lever 
Hill, eastern slope. 

Hornblende-diorite. Grey-green rock, me- 
dium-grained, containing approximately 
equal amounts of greenish hornblende and 
plagioclase-andesine and labradorite. 
Plagioclzses show zoning and some degree 
of saussuritization. Apart from quartz, 
-pyrite, apatite and zircon zre present. 
Summit of hill about 500 yds. of Lever 
Hill, 

Olivine-basalt. Fine-grained, black rock. 
Phenocrysts of endesine and labradorite, 
usually idiomorphic, only slightly zoned. 
Also greyish zugite and olivine. The 
olivine occurs as partially serpentinized 
granules. Irresular. relatively lerse, an- 
hedral magnetite clusters. Groundmass of 
brownish glass, with many feldspar lathes. 
Near summit of hill lying east of Golfo 
Suroeste. 


SA 7. 


SA 8. 


Sag! 


SA 10. 


CONCLUSIONS 


It is obvious that the eruptives belong 
essentially to the saturated group of igneous 
rocks. The more acidie granodiorite of San 
Andres is taken to be a dyke, according to 
the description furnished by Cardosa, and the 
writer suspects that Sarmiento and Sandoval’s 
quartz-monzonite is a dyke occurrence also. 
The quartz-diorite specimens of La Providen- 
cia are all from dykes, althcush LP 12 had 
the appearance of an irregular apophysis. 
Both islands are volcanic, composed in the 
main of rocks of basalt-andesite type, with 
intrusions of dioritic type. 

Sarmiento and Sandoval mention outerops 
of volcanic breccias in the region of NE Hill 
and in the vicinity of Boutham House. (Their 
paper  refers to volcanic breccias in the 
southeast kut their map shows these rocks in 
the southwest around Boutham House.) At 
the southwest outcrop, a thin layer of ash was 
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also noted. These authors surmise two periods 
of volcanism, an earlier one giving rise to the 
porphyritic rocks and a later one resulting in 
the volcanic breccias. It is possible that the 
dykes indicate a third and last phase of 
igneous events. 


The Colombian islands stand on submarine 
ridges less than 100 fathoms deep, which are 
about 10 miles long and up to 7 miles across. 
Shallow banks in this part of the Caribbean 
have an arcuate arrangement, convex towards 
the west, and join up with the NE-SW 
trending Mosquito, Rosaline and Pedro Banks 
lying between Nicaragua and Jamaica. 
Schuchert (1935), speaking of the La Provi- 
dencia bank, believed ”it therefore has the 
appearance of an island that was once much 
larger but was in part base-levelled peripher- 
ally prior to or during the Pleistocene...”. (It 
should be noted that Schuchert never visited 
the island, but based his opinion on existing 
hydrographic charts.) Evidence has been pre- 
sented above indicating recent uplift. Barrier 
reefs are indeed indicative of sinking at some 
time, but these Colombian islands are not 
simple one-cycle islands (Davis, 1926) but 
rather composite islands which, after initial 
eruptive buildins-up and sinking (barrier 
reefs), experienced renewed magmatic activity 
(dyke intrusions), along with uplift (marine 
terraces, etc.). Davis places Dominica, Marti- 
niqus, St. Lucia, St. Vincent and Grenada in 
his one-cycle islands, but these are all com- 
posite two-cycle islands like La Providencia- 
San Andres. 


Between Salt Creek and Buenavista, La 
Providencia, Sarmiento and Sandoval mention 
the occurrence of boulders which have been 
transported by the Creek from the vicinity of 
High Peak. They consider the age of these 
boulders as Pliocene but offer no reasons for 
so believing. From some whitish, soft lime- 
stones at the Catholic Mission (township of 
San Andres) and from Southwest Cove, San 
Andres, Royo has determined the following 
fossils: Manacina cf. gyrosa (Ellis and Solan- 
der), Arca (Scapharca) golfoyaquensis Maury 
var. medioamericana Olsson, Cardium (Tra- 
chycardium) stiriatum Brown and Pilsbury, 
Cardium (Trigonocardia) heredium Olsson, 
Chione (Lirophora) burnsü (Dall), Corbula 
dietzana C. B. Adams, Tellina (Eurytellina) 
dariena Conrad, Turritella carlottae Fl. Hod- 
son (not Watson), Turritella exoleta Lineo 
var. limonensis Olsson, Phos veatchi Olsson, 
Phos mexicanus Böse. Royo has assigned a 
Middle-Upper Miocene age to these limestones. 


Sarmiento and Sandoval describe re-worked 
marly limestones, showing signs of distur- 
bance, on the highest parts of San Andres, 
and their map of the island indicates Miocene 
over 90 % of the area. No direct evidence has 
been obtained by either Sarmiento and San- 
doval or the writer as to the age of the vol- 
canics or intrusives. The writer has stated 
elsewhere (Mitchell, 1953) that he believed 
the dyke rocks to be younger than Pliocene, 
and very possibly the volcanics are Pliocene. 
Sarmiento and Sandoval, referring to La Pro- 
videncia, state that in several places it appears 
as if ”igneous rocks have spilled over on to a 
large outcrop of coral; however this relation 
could not be exactly determined...”. Should 
this indeed be so, this would indicate volcan- 
ism within Recent times. 

It is believed that here at the western end 
of the Caribbean, an embryo island arc is 
forming, similar to that of the Lesser Antilles. 
Considering these Colombian islands to be 
ycunger manifestations of the Lesser Antilles, 
it is of interest to note that the central mem- 
bers of the latter islands — Dominica, Marti- 
nique and St. Vincent — represent ınaximum 
volcanie activity, which is still going on at 
present (Earle, 1928). Further, it is within 
these central islands, on D&sirade, that Barrabe 
(1934, 1942) first discoverel a plutonic base- 
ment of granodiorite, although dioritic blocks 
had previously been known amongst the 
ejectamenta of some of the other Lesser Antil- 
lean islands. On la Providencia and San 
Andres, similar intrusive type rock is found in 
the form of dykes, indicative perhaps of a 
larger plutonic reservoir at depth. 

It is also worth noting that the volcanics of 
these Colombian islands have a close resem- 
blance to those of Dominica (Mitchell, 1946). 
The Dominica rocks tend to be somewhat 
more basic than those of other Leeward Cari- 
bees, and also have hornblende and augite 
rather than hypersthene. Olivine is less plen- 
tiful in these Colombian islands rocks however 
than in Dominica. 
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THE LUCIPARA ISLANDS RIDGE AND A THIRD ARC IN THE BANDA SEA 


J. WESTERVELD ! 


ABSTRACT 


The existence of a third arc in the area of the 
present Lucipara Islands in the Banda Sea, with 
a westward continuation over the southern tip 
of the Toskang Besi Islands”, the Islands in the 
Flores Sea, and the Kangean Islands, towards 
Madoera, as presumed by F. A. Vening Meinesz, 
is not supported by geological evidence. According 
to geological field data and the kathymetric 
results of the Snellius-Expedition, the Lucipara 
Islands and the Islands in the Flores Sea lie 
along sections of the Miocene Soenda orogen, the 
Toekang Besi Islands transversely across the 
Moluccas orogen, and the Kangean Islands in the 
northern foreland of the Soenda fold and plutonices 
system. 


In previous articles, it has been argued by 
the writer (Westerveld, 1949, 1952) on ample 
geologic as well as certain kathymetric evi- 
dence that the island festoons around the 
Banda Sea in the East Indies belong to 
two partly drowned fold systems: (1) the 
Moluccas orogen (or tectogene), characterized 
by great overthrusts affeceting crystalline 
 schists, Permocarkoniferous and Mesozoic 
sediments and volcanics, and locally equally 
old-Miocene strata; and furthermore by 
an occasional large-scale development of 
gabbro-peridotitic ophiolite series; (2) the 
Soenda orogen (or tectogene), mainly com- 
posed of folded Miocene effusives and sedi- 
ments (shales, marls, limestones) intruded by 
middle-Miocene dioritic to granitic plutonic 
bodies. 

In the Moluccas fold system, which in the 
eastern part of the Indonesian Archipelago 
embraces Timor, the Outer Banda Arc, 
Ceram, Boeroe, and the East Arc of Celebes, 
important folding and overthrusting certainly 
took place prior to the general old-Miocene 
transgression but the deposits of the lower- 
Neogene were in turn often strongly disturbed 
and even overridden by older formations as 
for instance on Timor, and Ceram, and in the 
East Arc of Celebes3. For the gabhro- 
peridotitic intrusions, the assumption of an 
upper-Cretaceous or Paleogene age seems to 
be best in agreement with field data. 


I Geological Institute, University of Amsterdam. 
2 In the Dutch spelling of geographical names, 
“oe” is pronounced as “oo” in moon. 


For the existence of a submarine tectonie 
connection between the’ SE. Peninsula of 
Celebes and the Boeroe-Ceram section of 
the Moluccas orogen over the Kabaena- 
Moena-Boeton and Toekang Besi island 
groups, a strong argument may be found in 
the presence of a series of submarine ridges 
between the Toekang Besi Islands and the 
Ambon-Ceram Archipelago, according to the 
bathymetric results of the Snellius-Expedition 
(P. M. van Riel, 1934, plate I), as has been 
set forth earlier by the writer (Westerveld, 
1949, p. M 10). These elevations of the sea 
bottom show almost constant NW—-SE trends 
parallel to those of the rows of Toekang Besi 
Islands. They appear to be separated by 
rather narrow, deep trenches, which most 
probably mark the sites of transverse fault- 
throushs, as seem to be developed in a similar 
way, and in the same direction, between the 
rows of Toekang Besi Islands, according to 


® As a result of a visit to the Lalan Asu region 
on Timor, where a series of old-Miocene breccious 
to conglomeratic limestones and white marls 
appears to be tectonically overridden by the 
permian-Mesozoic series of the Sonnebait struc- 
tural unit, D. de Waard (1954) recently arrived 
at the conclusion that the main phase of orogenesis 
on Timor developed between the lower-Miocene 
and the Plio-Pleistocene. However, no clear 
pieture is given of what happened before the 
older Neogene so as to lend support to this thesis. 
In the present writer’s opinion, a definite proof 
of the predominant importance of Miocene fold- 
ing and nappe-building for the growth of the 
tectonic framework of Timor (and, in a wider 
sense, of the other sections of the Moluccas tecto- 
gene) should imply a clear demonstration that 1) 
old-Miocene beds are incorporated in all major 
tectonie units of the Moluccas fold system on 
Timor and in the Outer Banda Arc, 2) the ultra- 
basic ophiolite series was injected in the course 
of this act of folding, 3) the regional metamor- 
phism of Mesozoic beds as seems to have taken 
placz in Central Celebes (W, P. de Roever, 1947, 
pp. 80—92, 160) resulted from deep down-folding 
during the same period of diastrophism. As other 
investigators did before him, De Woaard again 
mistook the strong after-effects on Miocene bed: 
of a great period of teetor.ie disturbances tor the 
main act. The most probable explanation of the 
tectonic position of the old-Miocene in Timor is 
that this series has been incorporated in relatively 
fate overturned folds on top of the highest of 
pre-existing napne structures. 


several authors (Van Bemmelen, 1949, p. 424). 
The depth situation of these submarine highs 
is very variable: E of the Toekang Besi 
Islands, the sea floor rises to —2500 m, 
whereas in the region of the Luymes Ridge 4 
sea depths do not exceed 1910, 530, and 
2710 metres, respectively. Close to these 
ridges, a depth of 4810 m has been found in 
the Boeton Trough SW of the Toekang Besi 
Islands, of 5450 m NE of this archipelago, of 
4620—4820 m SW of the Luymes Ridge, and 
of 5310 m in the Ambalaoe Basin S of Boeroe. 
At the NE-extremity of this succession of 
transverse depressions of the sea bottom along 
the submarine course of the Moluccas fold 
system lies the Manipa Basin between Boeroe 
and Ceram (for a description of the bathy- 
metrie results obtained in this fascinating area 
see also Van Riel, 1934, pp. 36, 37). 

In explaining the curious intermediate 
“ position of Boeroe between Ceram, with its 
_ large overthrusts of Mesozoic masses, and the 
Soela Islands, where the Mesozoic is only 
gently folded, Van Bemmelen (1949, p. 455) 
thinks that the western and central mountain 
blocks of Boeroe more or less belong to the 
foreland area of the Banda Outer Arc al- 
ready; in this case more specifically to the 
median mass emerging in the Soela Islands 
and in the Banggai Archipelago. The ENE— 
WSW trending Walaoe Range of SE. Boeroe, 
on the other hand, is thought to form part of 
the Ceram fold system. In support of his 
opinion, Van Bemmelen refers to Vening 
Meinesz’s picture of the isostatic gravity 
anomalies of this region, which shows W. and 
N. Boeroe to lie within the area of positive 
anomalies of the northern Banda Basin; the 
Walaoe Range, however, within that of the 
negative anomalies coinciding with the Outer 
Banda Arc. The NW—-SE strike of the Meso- 
zoice sediments of SW. Boeroe is thought by 
the same author to represent a relatively 
young feature due to tilting of the island since 
the end of the Tertiary. The present writer 
sees no difficulty in concurring with this view 
and, accordingly, the northern borderline of 
the Moluccas orogen on Plate I has been 
drawn across the island Boeroe, and not 


4 The opinion expressed quite recently by Th. H. 
F. Klomp& (1954, p. 26) that the Luymes Ridge 
represents a drowned part of the original southern 
source area of the Mesozoic sediments on Boeroe 
and Ceram to the North and North-east does not 
seem very acceptable in the light of the present 
argumentation, according to which the Luymes 
Ridge falls inside the area of the Moluccas fold 
system, and not within that of its older hinter- 
land. 
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around it, as was done in his previous papers 
on the structure of the East Indies (Wester- 
veld, 1949, fig. 1, p. M 2; 1952, fig. 1, p. 246). 

The Soenda fold system, as the writer sees 
it, connects the eastern Lesser Soenda Islands 
(Alor, Wetar) with the Islands in the Flores 
Sea (Bonerate, Kalao, Tana Djampea, Sala- 
jar), and farther on with the West Arc of 
Celebes, over the long stretch of the volcanic 
Inner Banda Arc. Between the volcanic Banda 
Islands and the Islands in the Flores Sea, 
where it escapes from immediate observation, 
the Soenda orogen is thought by the writer to 
follow a submarine course over the elongated, 
ENE-WSW trending ridge W of the Banda 
Islands (the northern Siboga Ridge), over the 
ridge carrying the Schildpad and Lucipara 
Islands (the southern Siboga Ridge), and 
farther on approximately over the region of 
the volcanic island Goenoeng Api and the 
submarine ridge which stretches east-north- 
eastward from the volcanic island Komba (or 
Batoe Tara). The writer is, therefore, not in- 
clined to favour the idea put forward by 
Klompe (1954, p. 26) that the so-called Siboga 
Ridge W and WSW of the Banda Archipelago 
would be a remnant of the hinterland of the 
Mesozoic Banda geosyneline. It seems much 
more likely that the elongated ridges W of 
Banda, including the elevations below the 
Schildpad and Lucipara Islands, are either 
drowned mantles of eroded volcanoes or, 
which seems more plausible in view of the 
drawn-out shape of these ocean bottom 
elevations, eroded and subsequently submerg- 
ed bodies of folded Tertiary sediments and 
igneous rocks. 


Shortly after the writer ‚published his 
opinions on the geologie structure of the East 
Indian Archipelago, F. A. Vening Meinesz 
(1951) developed the hypothesis of the exis- 
tence of a third arc in the eastern part of 
Indonesia, offering, at the same time, a 
tentative explanation of this phenomenon with 
the aid of his well-known convection currents 
theory. According to Vening Meinesz, the 
third arc lies at a distance of 200—250 km 
north of the volcanice arc of the Banda Sea, 
and is conceived to be represented by the 
ridge of the Lucipara and Schildpad Islands. 
In a westward direction, this arc is thought to 
continue probably over the southern part ofthe 
Toekang Besi Islands, the Islands in the Flores 
Sea (Kalaotoa, Kalao, Tana Djampea), the 
northern border of the Flores Deep and of the 
Bali Sea, and the Postiljon and Paternoster 
Islands, towards the Kangean Islands E of 
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Madoera. As other examples of third arcs in 
archipelagoes of the Circumpacific type, 
Vening Meinesz cites the Aves Ridge in the 
Antilles, and a ridge west of the Marianas. 


From a comparison between the trend of 
the third arc in eastern Indonesia, as suggested 
by Vening Meinesz, and the present writer’s 
expatiations on the double-arc structure of 
the region around the Banda Sea in his earlier 
papers (Westerveld, 1949, 1952), it should be 
quite clear to the reader that the two opinions 
are entirely irreconcilable with one another, 
and that, to be more precise, all geological 
evidence contradicts the presumed existence 
of a third arc in the Banda Sea. Although for 
this reason, it would seem superfluous to bring 
the matter up for discussion, nevertheless the 
writer is urged to draw attention to it once 
again on account of the fact that the so-called 
third arc in the Banda Sea is apparently 
accepted, quoting Vening Meinesz, by an 
authority like A. J. Eardley (1954, p. 757) in 
an elaborate treatise on the tectonic relations 
of North and South America in comparison, 
as regards the Antillean region, with the East 
Indian Archipelago. 


If we consider the problem from the purely 
geometrical standpoint, and project the trend 
of Vening Meinesz’s third arc on the picture 
representing the course of the two loop- 
sraped fold systems around the Banda Sea, as 
the writer conceives them (plate I), it appears 
that the third are combines points situated in 
areas of different tectonie position. On the 
Lucipara Islands, it coincides with the Soenda 
orogen; at the southern tip of the Toekang 
Besi Islands with the southward bulge of the 
Moluccas fold system in the western Banda 
Sea; in the region of the Islands in the Flores 
Sea again with the Soenda orogen. From the 
latter area it turns to the Kangean Islands, 
which lie at a considerable distance north of 
the Java-Bali-Lombok section of the Soenda 
orogen. Geometrically it does not, therefore, 
seem possible to fit the third arc in the 
writer’s picture of the structure of Indonesia. 

If the matter is analyzed from the purely 
geological standpoint, no other positive 
evidence will be found to strengthen Vening 
Meinesz’s conception of a triple arc system. 


According to R. D. M. Verbeek (1908, pp. 
968—580), the Lucipara and Schildpad Islands 
only show Recent coral reefs and Globigerina 
sands, which do not rise more than 2-3 m 
above sea-level. The basement of these reefs 
does not appear at the surface, but on general 
structural grounds the present writer thinks 


it to consist of rocks characteristic for the 
Soenda orogen, as has been said before. 


Investigations on the Toekang Besi Islands 
(see the compilation of data by Van Bem- 
melen, 1949, p. 424) have shown that pre- 
Quaternary rocks are only represented by 
Globigerina limestones on Wangi Wangi, 
Kaledoepa, and Tomea. The strike of the 
beds seems to be SW—NE on Wangi Wangi, 
that is parallel to the trend of the Neogene 
anticlines on the neighbouring island Boeton. 
On Kaledoepa, there are apparently NW—SE 
as well as SW-—-NE strikes. The statement 
of Vening Meinesz that the direction of a 
not intensive Plio-Pleistocene folding on 
the Toekang Besi Islands seems to be in 
harmony with the trend of his third are, is 
therefore certainly not definitely corroborated 
by geological observation. On the contrary, it 
may safely be assumed that the Neogene strata 
of the Toekang Besi Archipelago are the im- 
mediate continuation of the Boeton Neogene, 
which lies on top of crystalline schists, 
strongly folded Mesozoic rocks, and peridotitic 
intrusions (Van Bemmelen, 1949, pp. 419—423, 
after field studies by W. H. Hetzel and others). 
Moreover, considering the fact that the rock 
assemblage of crystalline schists, Mesozoic 
series, and gabbro-peridotitice intrusions in the 
Southeast Arm of Celebes continues straight 
onward with a broad front towards the Toe- 
kang Besi Islands over the Kabaena-Moena- 
Boeton group, it can hardly be doubted that 
similar formations constitute the deeper 
geological foundation of the Toekang Besi 
Archipelago. In a structural sense this means 
that the latter island group lies inside the area 
occupied by the Moluccas orogen. 


Drawing our attention to the Islands in the 
Flores Sea, we notice that, going from the 
Southeast to the Northwest, the island Kalao- 
toa consists of strongly elevated coral reefs; 
Bonerate of elevated coral reefs on a base- 
ment of basic volcanice rocks; Kalao of elevated 
coral reefs on a basement of basic effusive 
rocks, marine tuffs, and tuffaceous sandstones 
alternating with Globigerina limestones of 
probably young-Neogene age; Tana Djampea 
and some islets west of it mainly of, probably 
intra-Miocene, acid to basic eruptive rocks 
(monzonites, syenites, andesites, lampro- 
phyres, essexite). On the south coast of Tana 
Djampea some old-Neogene Lepidocyclina 
limestones appear, which are probably intrud- 
ed by the igneous complex. The island Salajar 
N of Tana Djampea, finally, has a core of 
young-Neogene tuffaceous sandstones and 
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marls with intercalated volcanice breccias; a 
sequence which can be correlated with the 
young-Neogene series of Bone and the 
Walanae depression in the South Arm of 
Celebes (Van Bemmelen, 1949, p. 437). Ver- 
beek (1908, pp. 68&—73) described a fragment 
of haüynite-nephelite-tephrite from the Sala- 
jar breccias, and of a leucite-tephrite from 
the islet Tamboelonggang S of Salajar, whereas 


_ augite-andesites occur on the islet Poelassi a 


few kilometres farther south. 
Considering the fact that the rock associat- 


"ions, including the potassic lavas, on the Is- 
lands in the Flores Sea bear much resemblance 


to those in the northern row of Lesser Soenda 


Islands, on one side, and to those in the South 


Arm of Celebes, on the other side, and more- | 


into South Celebes, 


over that these islands lie on a submarine 
ridge which curves with a SSE—NNW direct- 
ion from the eastern part of the Flores Sea 
the conclusion seems 
warranted that the islands under consideration 
as well as the South Arm of Celebes 5 belong 
to the same orogenic system. As has been 
argued above, the ridge of the Islands in the 
Flores Sea may be connected with the folded 
old-Miocene sedimentary-volcanic series, with 
its Miocene plutonic bodies, of the Soenda 
orogen on the northern row of Lesser Soenda 


Islands over the islet Goenoeng Api, the Siboga 


Ridges, and the volcanic Inner Banda Arc. 


No geological data have been published on 
the Kangean Islands E of Madoera, which 
latter island is known to reveal a development 
of moderately or gently folded Neogene and 
Pleistocene marine beds with abundant cale- 


_ areous material, but apparently with very 


5 A lack of sufficient geological data prevents 
giving a precise delimitation of the course of the 
Soenda orogen in the South Arm of Celebes N 
of Makassar. The westward protruding Mandar 
Coast between Cape Mandar and Cape William 
is known to harbour leucite-bearing volcanic 
rocks near the latter locality (L. M. R. Rutten, 
1927, p. 535), so that this coastal strip lies perhaps 
just >utside the zone occupied by the Soenda 


"arosen, as do a number of other occurrences of 


Mediterranean lavas (Mts. Moeriah and Ringgi+ 
on Java, the island Bawean, for instance). On the 
other side of the South Arm, it seems questionable 
whether the cerystalline schists of the Latimod- 


jong Mts. (Rutten, 1927, p. 606) belong to a struc- 


ture incorporated in the much younger Soenda 
orogen or to a kind of median mass of erystalline 
schists which misht be conceived to constitute 
the geolosical foundation of the Tijger Islands and 
of the shallow sea area along the east coast of 
the South Arm. In contrast with his previous way 
of representation (Westerveld, 1949, 1952), the 
writer now prefers to present a more conservative 
pieture of this region on plate 1. 
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little admixture of volcanic material. Folding 
affected these beds during the middle-Miocene 
and the youngest Pleistocene (Van Bemmelen, 
1949, p. 554). Since the Kangean Islands are 
situated in the eastward prolongation of the 
Madoera folds and certainly within the same 
sedimentation area in which the Madoera 
Neogene was deposited, they are to be con- 
sidered as belonging to the same structural 
zone as Madoera and the folds of the oil region 
in northern Central Java. This belt of gentle 
folds is situated at a rather considerable 
distance north of the Southern Mountains of 
Java, where the equivalent rocks of the 
Soenda orogen as developed along the 
northern row of Lesser Soenda Islands are to 
be found. 


The foregoing evidence may show that the 
presumed third arc, as postulated by Venins 
Meinesz, connects island regions with very 
different geological records and structural 
positions, so that, in the present writer’s 
opinion, a fair degree of scepticism regarding, 
the reality of its existence seems justified. 
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TER HERDENKING VAN PROF. DR. WALTHER GOTHAN 
1879—1954 


De internationale paleobotanie heeft een 
groot verlies geleden. Op 30 December 1954 is 
te Berliin overleden Walther Gothan in de 
leeftijd van 75 jaar. Niemand, die hem in de 
zomer van 1954 in Parijs bij gelegenheid van 
het internationale botanische congres gezien 
en gesproken heeft, heeft dit kunnen ver- 


wachten. Evenals steeds was hij op alle ver- 
gaderingen van de paleobotanische sectie de 


ziel van de discussies. Belangstellend en 
scherp werden zijn vragen gesteld en ieder 
kon zijn levendige geest bewonderen, genieten 
van zijn opmerkingen en van de humor, waar- 
mede hij alle debatten voerde. Kort na het 
congres moest hij een operatie ondergaan, 
waarvan hij wel enigszins, maar nooit volledig 
herstelde. Nog gedurende zijn ziekte zette hij 
ziin werk voort en voerde hij een uitvoerige 
correspondentie en deelde zijn meningen over 
vele problemen steeds mede. 


Zelf heb ik Gothan gekend gedurende mijn 
gehele loopbaan. Reeds vroeg nadat ik een 


begin gemaakt had met paleobotanisch wer 
bezocht ik Berlijn en werd daar door hem e 
ziin leermeester, Prof. Potonie, vriendeli; 
ontvangen en mocht omtrent vele moeilijk 
heden raad van hen ontvangen. Sedert die ti 
heeft een levendige samenwerking tussen oı 
bestaan, waarvan reeds in 1915 het eers 
resultaat werd gepubliceerd, de bewerkir 
der fossiele planten uit een aantal der Pee 
boringen en van enige Staatsmijnboringen. ] 
dit werk werd ook de juiste ouderdom be 
paald van het aangrenzende Duitse gebie 
door een vergelijking hiervan met het VIlc 
dropgebied. 


Deze eerste publicatie werd gevolgd doc 
een groot aantal gemeenschappelijke onder 
zoekingen, waarvan ik hier slechts noem € 
bewerking der Epenflora en die der Djamb;i 
flora. Steeds was Gothan bereid mij bij mij 
werk te helpen. Talrijk waren zijn bezoeke 
aan Heerlen, soms van lange duur, zoals i 
1925, toen hij gedurende verscheidene weke 
hier verbleef-voor een voorlopige revisie va 
het toen in de verzameling aanwezige mate 
riaal. In de jaren vöör 1927 was hij met Renic 
en mij voorbereider van het eerste Heerlen: 
congres. Ieder, die dit congres meegemaal 
heeft, zal zijn humor en scherpzinnigheid i 
herinnering hebben. Hij was de leider der ve! 
debatten. Onze samenwerking is ook gebleke 
op het internationale botanische congres i 
Cambridge en op de verschillende internatic 
nale excursies in Engeland, Frankrijk e 
Duitsland en bij het voorbereiden, gezamer 
lijk met Halle, der voorstellen voor nomer 
clatuur der fossiele planten op het internatic 
nale botanische congres in Amsterdam. Aar 
sluitend aan dit congres volgde het tweec 
Heerlense congres. Een jaar vroeger bewerk: 
hij met mij het omvangrijke materiaal, dat c 
mijn reis door U.S.A. was verzameld. In < 
laatste tien jaren is de samenwerking wec 
evenals voorheen voortgezet tot in de laats 
weken vöör zijn overlijden. De briefwisselir 
over Nederlandse planten, over materiaal u 
Zwitserland en uit Texas levert hiervan h 
bewijs. 


Uit dit alles blijkt, dat het Geologisch 
Bureau in Heerlen, en vooral ikzelf, grote 
dank verschuldigd zijn aan Gothan. Een mede- 
werker, die steeds bereid was te helpen en 
wie in dit opzicht nooit enige moeite te veel 
was, zoals gebleken is bij het derde Heerlense 
congres, waarvan hij ook het middelpunt was, 
zal men wel zelden vinden. Allen, die hem in 
ons land hebben leren kennen, of die kennis 
'genomen hebben van zijn omvangrijke werk, 
zullen hem in herinnering houden als een 
eerliik en geestig mens en als een goede 
 vriend. 

- Van meer dan een zijde zijn zijn verdiensten 
voor de paleobotanie uiteengezet. Bij zijn 
zeventigste verjaardag geschiedde dit door 
Halle. De daarbijgevoegde lijst van zijn pu- 
-blicaties geeft een beeld van zijn omvangrijke 
werk, Hoewel hij zich bij voorkeur bezig hield 
met onderzoekingen van materiaal uit het 
Carboon, zijn ook zijn publicaties over meso- 
zoische planten, over de anatomie der fossiele 
houtsoorten, over veenvorming en over nage- 
noeg elk ander onderdeel der paleobotanie 
van het grootste belang. Maar toch ging zijn 
belangstelling vooral naar Carboonplanten en 
naar de stratigraphische waarde ervan. Hier- 


i Dit artikel (Paleontographica, XCI, B, 1951, 
p. 93—108) bevat een uitvoerige lijst van zijn 
publicaties, welke in het Gedenkboek, 1954, aan- 
gevuld werd. 
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van getuigen zijn publicaties over bijna alle 
Duitse en vele verdere Carboonflora’s. Zijn 
laatste werk op dit gebied bestond uit de 
resultaten van het systematische onderzoek 
van NW-Duitsland. Het is jammer, dat hij dit 
niet geheel heeft mogen voltooien. 

Gothan was ook in hoge mate leermeester. 
Gezamenlijk met Potonie gaf hij diens leer- 
boek in tweede druk uit. Gezamenlijk met Wey- 
land bezorgde hij, kort voor zijn overlijden, 
een nieuw leerboek der paleobotanie. De vol- 
tooiing hiervan moet hem tot grote vreugde 
gestrekt hebben. Hoezeer zijn leerlingen hem 
op prijs stelden, bleek uit het gedenkboek bij 
zijn 75e verjaardag op 5 Augustus 1954”. Zijn 
gehele karakter, zijn grote kennis, zijn belang- 
stelling voor kunst en voor muziek, zijn soms 
zeer geestige redevoeringen, en zelfs gedichten, 
worden in dit werk vermeld. Helaas is het 
hem niet meer gegeven geweest de goede 
wensen, die toen tot hem gericht werden, in 
vervulling te laten gaan. Voor al zijn vrienden 
is het een troost, dat hij tot in zijn laatste 
levensdagen werkzaam was en nog steeds be- 
lang stelde in alle problemen en in alle onder- 
zoekingen op zijn gebied. Zijn leven was lang 
en rijk. Zijn werk omvangrijk en zal tot her- 
innering aan hem strekken. Wij, zijn vrienden, 
zullen hem node missen. 

W. J. Jongmans. 


2 Geologie, III, 5, 1954, p. 491-501. 
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NIEUWE OLIECONCESSIE VOOR DE N.V. 
NEDERLANDSE AARDOLIE MAATSCHAPPIJ 


— Bij Koninklijk Besluit van 3 Januari 1955 werd 
aan de N.V. Nederlandse Aardolie Maatschappij, 
onder de benaming „Rijswijk”, concessie verleend 
‚voor de ontginning van bitumina voor een gebied 
ter oppervlakte van 16.650 hectaren, zich uitstrek- 
kende van ’s-Gravenhage tot Rotterdam. 

Het is de N.A.M. nu ook mogen gelukken, naast 
de olie- en gasterreinen, welke deze maatschappij 
in het oosten van het land ontgint, olie in produ- 
ceerbare hoeveelheden in het westen aan te tonen. 
De eerste olievondst werd gedaan in de boring 
Rijswijk 1, gelegen ten zuiden van Rijswijk. De 
producerende horizont is hier een zandlaag be- 
horende tot het Beneden-Krijt (Hauterivien — 
Valanginien). Naderhand werden te Berkel en 
Delft ook bescheiden producties in het Barremien 
verkregen. 

Tot Februari 1955 zijn te Rijswijjk 7 boringen 
gereedgekomen, waarvan 4 productief zijn. Te 
Delft werden eveneens 7 boringen geslagen, waar- 
van 2 in productie konden worden gebracht, ter- 
wijl te Berkel 2 producenten werden gecomple- 
teerd. In totaal werd tot nu toe 18.350 ton olie uit 
het concessiegebied verkregen. 

De aangetroffen olie-accumulaties zijn gebon- 


den aan een noordwest—zuidoost gerichte anti- 
clinaal, die een brede zuidwestflank, doch slechts 
een smalle noordoostflank bezit. 


WERELDPRODUCTIE EN RESERVE VAN 
AARDOLIE — Aan World Petroleum van Januari 
1955 zijn de volgende cijfers ontleend met betrek- 
king tot de geschatte wereldreserve en de pro- 
ductie van ruwe aardolie: 

Wereldreserve per 1 Jan. 1954 in millioen m?. 
Oostelijk halfrond: 


Saudi Arabie . 4900 
Kuwait 4800 
Iran 4300 
Take 2200 
USSR. RT FREIE ELSOO 
Sata 0 I Bor 00 
INdonesIeBMIE BEE LER RE 300 
overieeklandene. mn Ser 400 

18800 

Westelijk halfrond: 

U.S.A. a 4660 
Venezuela a ER N PL ıyl, 
Ganadats er. NEE 3SO 
NER CO RE EEE RZ210 
overiger landen? Ben 7.2 27 2200 

7100 
totale reserve 25900 
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De totale wereldproductie van 1870 tot 1954 heeft 
rond 12500 millioen m? bedragen, hetgeen overeen 
komt met ongeveer de helft van de thans aan- 
wezige zichtbare reserve. Neemt men voor de pro- 
ductie van ruwe aardolie over 1954 een voorlopig 
cijfer aan van 790 millioen m® dan blijkt, dat de 
zichtbare reserve op basis van de huidige pro- 
ductie toereikend zou zijn voor 33 jaar. 


A nn en een 


Die Vierseilförderung, von Fritz Lange. 102 S. mit 
22 Abb. Verlag Glückauf G.m.b.H., Essen 
1952. Prijss DM 7.60. 


Bii het dieper worden van kolenmijnen treden 
ook moeilijikheden op voor het schachttransport 
De schachtcapaciteit wordt steeds kleiner en er 
moeten wegen worden gevonden om deze capaci- 
teit op een economisch productieniveau te hand- 
haven. Verschillende middelen, zoals grote mijn- 
wagens, skipvervoer, gebruik van lichte metalen 
voor kooien, multikabels, en zelfs vermindering 
van de veiligheidscoefficient, kunnen worden toe- 
gepast om de schachtcapaciteit te herstellen. Bij 
de huidige stand van de techniek is de diameter 
van schachtkabels voor het gebruik op Koepe- 
schijven beperkt tot 80 mm, waarbij een draad- 
sterkte van 180 kg/mm? niet overschreden mag 
worden. Het wekt dan ook geen verwondering, 
dat ter handhaving van het snelvervoer van 
zware lasten uit grote diepte in de kolenmijn- 
bouw naar een oplossing in het kader van de zo 
betrouwbare Koepe-ophaalmachines is gezocht. 

Op de mijn Hannover in het Roergebied, waar 
ook de wieg van de eerste Koepe-machine heeft 
gestaan, werd in 1947 op Schacht 2 een ophaal- 
installatie met multikabels in bedrijf genomen. In 
het voorliggende boekje zijn op voorbeeldige 
wijze niet alleen de voorbereidende werkzaam- 
heden beschreven, maar ook de kinderziekten bij 
het in bedrijf nemen van deze totaal nieuwe in- 
stallatie uitvoerig beschreven. Dit boekje getuigt 
van een nauwe en gelukkig samenwerking tussen 
de firma Krupp, de Gutehoffnungshütte en de 
bedrüfsleiding van de mijn bij het in studie ne- 
men van het project, alsook van de onontbeerlijke 
samenwerking tijjdens het oplossen van de ver- 
schillende bedrijfsmoeilijkheden. Deze moeilijk- 
heden zijn in enkele jaren opgelost, waarbij het, 
dank zij een nauwkeurige bedrijfsresearch, moge- 
ljk bleek de zeer gecompliceerde installatie op 
enkele belangrijke onderdelen aanzienlijk te ver- 
eenvoudigen. 

Dit laatste geldt in het bijzonder voor de appa- 
ratuur, die aanvankelijk werd aangebracht om de 
belasting in de vier kabels gelijkmatig te verde- 
len. De oplossing werd gevonden door, waar en 
wanneer nodig, de kabels snel en eenvoudig te 
verlengen of in te korten. Bovendien werd een 
draaibank gemonteerd om de ongelijkmatige 
sljtage van de kabelgroeven bij te werken. Het 
resultaat van een meer dan driejarige bedrijfs- 
ervaring met een schachttransport op de 750 en 
de 950 m-verdieping is gemakkelijk leesbaar en 
glashelder beschreven. 

Een boekbespreking, die ruim twee jaar na het 
verschijnen van een werk plaats vindt, is in het 
algemeen „en retard” .Het voortreffelijke boekje, 
dat wij thans bespreken, verdient echter steeds 


INTERNATIONALE TECHNISCHE HULP. - 
Het Bureau voor Internationale Technische Hulp 
verlening, Den Haag, Alexanderstraat 14, zoek 
voor Joegoslavi@ een tectonicus, liefst met micro 
palaeontologische ervaring (duur 6 maanden). 


RE? !K = NZ Ger Es 


weer aan de vergetelheid te worden ontrukt, 00 
al geeft een herdruk hiertoe geen aanleiding. D 
relatief lage prijs mag geen bezwaar zijn dat elk 
mijnbouwkundige dit heel nuttige werkje in han 
den neemt en zich op de hoogte stelt, niet allee 
van een recente ontwikkeling van het schacht 
transport, maar ook van de wijze, waarop ee 
bedrijfsrapport aantrekkelijk kan worden samen 
gevat. 

Berdin 


Rinne-Berek, Anleitung zu optischen Unter 
suchungen mit dem Polarisationsmikroskoq 
Zweite, vollst. umgearb. Auflage von Ma 
Berekf, herausgeg. von C. H. Clausser 
A. Driessen und S. Rösch, xii + 366 S. mi 
285 Abb. und 21 Tab. im Text. E. Schweizer 
bart’sche Verlagsbuchhandlung (Erwin Nä 
gele) Stuttgart 1953. Prijs geb. DM 29.—. 


Ruim twintig jaar na de eerste druk is er than 
een nieuwe druk verschenen van deze bekende e 
veel gebruikte inleiding tot het gebruik van he 
polarisatiemieroscoop. In deze twintig jaar is he 
aantal mogelijkheden met het polarisatiemicroscoo 
toegenomen, vooral door de toepassing van op 
vallend licht (in de ontwikkeling waarvan Bere 
zelf een groot aandeel heeft gehad), terwijl boven 
dien de kring van onderzoekers, die met het pola 
risatiemicroscoop werken, veel groter is gewordeı 
De nieuwe druk weerspiegelt deze ontwikkelin; 
enerzijds doordat verscheidene nieuwe toepassings 
mogelijkheden worden beschreven, anderzijd 
doordat de inleiding in de beginselen van d 
kristaloptica uitvoeriger is geworden. Tegenove 
deze laatste uitbreiding, die stellig ook bij he 
gebruik van het boek door studenten niet over 
bodig is, staat, naar het mij voorkomt wel me 
recht, enige beperking in het gedeelte over geo 
metrische kristallografie. Dit hoofdstuk berus 
wellicht uit pieteit, nog grotendeels op het doc 
Rinne geschreven gedeelte uit de eerste druk. D 
vraag kan gesteld worden of het geen aanbevelin 
had verdiend, ook dit hoofdstuk, evenals met d 
rest van het boek is geschied, opnieuw te schrijver 

De omvang van de tweede druk is, vooral doc 
de nieuwe onderzoekingsmogelijkheden met gere 
flecteerd licht, een kleine 100 blz. groter gewordeı 
Overigens is de opzet van de eerste druk gehand 
haafd. In het eerste gedeelte worden de een 
voudige waarnemingen met behulp van het pola 
risatiemicroscoop beschreven, waarbij met ee 
beperkte kennis van de kristaloptica kan worde 
volstaan, terwijl in het tweede gedeelte na ee 
grondige theoretische inleiding, onderzoekinge 
worden behandeld, die een gedegen kennis van d 
kristaloptica vergen. 


N 


u u A 1 ad 1 ai a 5 a aa a ade a a Arad u 


Be Dat an Luna nd u u ad An 2 N 5 a Bu 1 02 7 Dan ana AA 


BELENEOT ONE SSEHAPS ZAKEN 


PERSONALIA 


 Nieuwe begunstiger, tevens lid beide secties: 
VREDESTEIN, N.V. RUBBERFABRIEK — Loos- 


duinen, Haagweg 130 


Nieuwe buitengewone leden: 


- BARTSTRA, D. S. J. — Amsterdam-C, Runstraat 


17bel. (bg) (G.V.A.) 


BEETS, D. J. — Amsterdam-Z, Courbetstraat 4 


(bg) (G.V.A.) 


1 BICKER, R. E. — Amsterdam-C, Sarphatistraat 


60 (bg) (G.V.A.) 


3 BOOGAARD, M. v. d. — Amsterdam-W, Velser- 


weg 30 (bg) (G.V.A.) 
BUUREN, J. E. van — Delft, Coenderstraat 16 
(bg) (M.V.D.) 


- DIJKHUIS, E. — Delft, Stalpaert v. d. Wieleweg 


86 (bg) (M.V.D.) 


— GROOT, F. H. de — Nieuwenhagen (L.), Gate- 


straat 21 (bg) (M.V.D.) 


- GWZEN, H. W. — Muiderberg, Brink 180 (bg) 


(G.V.A.) 

HARTEN, D. van — Amsterdam-O, Beijersweg 
4II (bg) (G.V.A.) 

HAUG, G. M. W. — Amsterdam-C, Marnixstraat 
290 (bg). (G.V.A.) 

HELMERS, H. — Amsterdam-W, Busken Huet- 
straat 61! (bg) (G.V.A.) 


- HOGETOORN, D. J. — Zaandam, Govert Flinck- 


straat 22 (bg) (G.V.A.) 

HOUX, P. W. H. — Delft, Oostsingel 113 (bg) 
(M.V.D.) 

KISCH, H. J. — Amsterdam-C, Nic. Witsenkade 
28 (bg) (G.V.A.) 

KLEIN, E. — Abcoude, Proostdikstraat 15 (bg) 
(G.V.A.) 

KUMMER, E. A. — Amsterdam-Z, Stadionweg 
40hs (bg) (G.V.A.) 

KUYPER A. R. — Amsterdam-Z, Joh. Verhulst- 
straat 19!I (bg) (G.V.A.) 

LAGAAI, R. A. — Utrecht, Maliesingel 34 (bg) 
(U.G.V.) 

LEDEBOER, W. A. — Delft, Verwersdiük 20 (bg) 
(M.V.D.) 

LEEK, G. C. van der — Amsterdam-Z, Cliostraat 
53 (bg) (G.V.A.) 

LEENDERTZ, J. — Amsterdam-C, Leidsekade 87 
(bg) (G.V.A.) 

MAYER, C. — Amsterdam-Z, Cliostraat 29! (bg) 
(G.V.A.) 

MOERMAN, J. W. — Rotterdam, Insulindestraat 
210a (bg) (M.V.D.) 

MUNNIG SCHMIDT, E. — Amsterdam-C Sarpha- 
tistraat 60 (bg) (G.V.A.) 

MURRIS, R. J. — Amsterdam-Z, de Lairessestraat 
71 (kg) (G.V.A.) 

OOSTERVELD, M. M. — Delft, Molslaan 9A (bg) 
(M.V.D.) 

OUDENDIJK, H. N. L. — ’s-Gravenhage, IJsclub- 
weg 6 (bg) (L.G.V.) 

PUT, J. van — Delft, Isaac Hoornbeekstraat 34 
(bg) (M.V.D.) 

RONDEEL, H. E. — Badhoevedorp, Reigerstraat 
10 (bg) (G.V.A.) 

SCHÖNBERGER, H. J. M. — Utrecht, Schröder 

"van der Kolkstraat I11bis (bg) (U.G.V.) 


SCHRIJVER, K. — Amsterdam-O, Radioweg 52 
(bg) (G.V.A.) 

SLOTBOOM, R. — Amsterdam-C, Prinsengracht 
21I (bg) (G.V.A.) 

VEENSTRA, H. J. — Leiden, Hoflaan 115 (bg) 
(L.G.V.) 

VERHOFSTAD, J. — Amsterdam-W, Paramaribo- 
plein 12! (bg) (G.V.A.) 

VERSCHURE, R. H. — Amsterdam-Z, Beethoven- 
straat 90AII (bg) (G.V.A.) 

WELTER, C. C. — Amsterdam-C, p/a Geologisch 
Instituut, Nieuwe Prinsengracht 130 (bg) 
(G.V Ar) 

WESTRA, L. — Amsterdam-Z, van Eeghenlaan 19 
(bg) (G.V.A.) 

WITTEVEEN, W. E. — Amsterdam-Z, Verhulst- 
straat 142bv. (bg) (G.V.A.) 

ZWARTKRUIS, T. C. J. — Amsterdam-O, Bun- 
senstraat 8 (bg) (G.V.A.) 


Nieuwe adressen: 


ARETS, L. A. G. L. — Delft, Koornmarkt 73a (bg) 
(M.V.D.) 

BAAYENS, w.i., Ir. M. J. M. — Terwinselen, Casi- 
nolaan 3 (m) 

BADOUX, geol. drs. D. M. — Leeuwarden, Voor- 
streek 82b (g) 

BEETS, Dr. C. — ’s-Gravenhage, Carel van By- 
landtlaan 30, p/a N.V. B.P.M. (g) 

BECKERING VINCKERS, m.i., Ir. H. — Nunspeet, 
Molijnlaan 71 (kb) (mutatie van bg naar b) 

BLEYS, C. — Adelaide, South Australia, Flinder- 
street 31, c/o Dept. of Mines (g) (gk) 

BOER, geol. drs. N. P. DE — Chef-geoloog b.d. 
N.V. B.P.M. in Zuid Sumatra, Pladju, In- 
donesie, c/o N.V. B.P.M. (g) 

BRONDIJK, Dr. J. F. — Ankara, Turkije, Posta 
Caddesi 12, Kavaklidere c/o N.V. B.P.M. (b) 

BROWN, D. R. — London W1, England, c/o Iraq 
Petroleum Co, 214 Oxford Street (g) (gk). 
(Vanaf 1 April) 

FICK, geol. drs. L. J. — Singapore, N.V. Sitem, 
c/o Ned. Trading Soc. (g) 

GEVAERTS, m.i. Jhr. Ir. E. A. L. — Winchester 
(Hants), England, Royal Hotel (g) 

GROOT, J. G. DE — Voerendaal, Hoolstraat 
53 (m) 

HOFF, m.i. Ir. W. A. VAN DER — Bloemendaal, 
lepenlaan 70 (kb) (K) 

HOSPERS, Dr. J. — Maracaibo, Venezuela, c/o 
Cia Shell de Venezuela Ltda., Apartado 19 
(8) (sk): 

HUYSSE, geol. drs. W. R. — ’s-Gravenhage, Ar- 
chimedesstraat 40, p/a A. I. Huyse (g) 

IE HIN WAN, mi. Ir. — Djakarta, Indonesie, 
Tanah Abang Bukit 7 (b) 

JANSEN, m\i. Ir. R. E. — Eijgelshoven, Marialaan 
4 (m) 

JANSS, m.i. Ir. E. R. TH. — Eijgelshoven, Laura- 
straat 15 (bg) 

KALISVAART, geol. drs. F. — Casper, Wyoming, 
U.S.A., c/o Shell Oil Cy. (g) (gk) 

KIEFT, Dr. C. — Ankara, Turkije, Bahcelievler, 
Emeksan Mahallesi 3 inci Sokak 4 (g) 
LAGAAY, Dr. R. — Oegstgeest, Hofdijck 45 (g) 

(Verlofadres) 
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GEOLOGISCHE SECTIE 
EXCURSIE 
op Vrijdag 22 en Zaterdag 23 April 1955 


VOORLOPIG PROGRAMMA: 
Vrüdag 22 April: 


Voormiddag: te Eindhoven voordracht door Ir W. J. 


van Riel, over „Enige aspecten van de verkenning 


van het Peelgebied”. Deze lezing wordt gezamenlijk georganiseerd door Geologische 
Sectie, Geophysische Kring en Mijnbouwkundige Sectie. 


Namiddag: 


Avond: 


bezoek aan een seismische veldploeg in de omgeving van Hasselt (Belgie). Autobus aan- 
geboden door de Geophysische kring. 5, 
korte inleiding voor excursie op Zaterdag door Drs W. H. Zagwijn en Drs G. Kortenbout 


van der Sluys. Overnachten te Roermond (hotels) en Beegden (jeugdherberg). 


Zaterdag 23 April: 


Excursie langs groeven te Belfeld en Tegelen, o.l.v. Drs Zagwijn en Drs Kortenbout van der Sluys. 
Via Venlo-station per autobus terug naar Eindhoven-station. 


Nadere gegevens worden nog bekend gemaakt. 


LANGEMEYER, m.i. Ir. H. C. G. — ’s-Graven- 
hage, Zonnebloemstraat 1 (m) (tijdelijk 
adres) e 

MULDER, Dr. C. J. — ’s-Gravenhage, Groot Her- 
toginnelaan 53 (8) 

PALM, Q. A. — Utrecht, Stadhouderslaan 76 (bg) 
(U.G.V.) 

RITSEMA, Dr. L. — ’s-Gravenhage, Koninginne- 
gracht 138 (g) 

SCHUURMANS, m.i. Ir. D. J. C. — Maracaibo, 
Venezuela, c/o Cia Shell de Venezuela Ltda, 
Apartado 19 (m) (K) 

SIMONS, Dr. A. L. — Dakar, Senegal A.O.F., c/o 
Bureau Minier de la France d’Outre-Mer. 
B.P. 268 (g) (K) 

VISSER, m.i. Ir. R. CH. — Maracaibo, Venezuela, 
c/o Cia Shell de Venezuela Ltda, Apartado 
19 (m) (K) 

WIJKHUIZEN, geol. drs. F. — Haarlem, Spaarne- 
laan 6 (g) 


Correcties: 


ALDERSHOFF, chem. drs. W. G. — (g) (gk) 
i.p.v. (8) 

BEUGELS, J. H. M. — Terwinselen, Kaalheider- 
steenweg 151, Onder Spekholz (m) 

BEUKER, A. F. — Chef O.B., Staatsmijn „Wil- 
helmina” 

BLOEMENDAL, mi. Ir. J. — Bedrijfsingenieur 
ondergr. b.d. Staatsmijn „Maurits” 

BOER, J. C. DEN — Utrecht, Muntstraat 3 
TBV) 

BOERMAN, Prof. Dr. W. E. — i.p.v. Prof. W. E. 

BRONDUK, Dr. J. F. — i.p.v. geol. drs. 

COLETTE, Dr. B. J. — i.p.v. geol. drs. 

DRESEN, A. I. Lg., m.i., e.i. Ir. H. J. H. i.p.v. Ing. 

DRESEN, Ir. J. P. A. — i.p.v. Ing. 

DRESEN, Ir. P.P. A. — i.p.v. Ing. 

HAGEDOORN, Dr. J. G. — i.p.v. phys. drs. 

JORDAANS, m.i. Ir. J. K. H. — Bedrijfsingenieur 
ondergr. b.d. Staatsmijn „Hendrik” 

KEMPEN, ei. Ir. W.P. A. J. — ip.v. ci. 

KOOPMANS, Arts, K.R. — i.p.v. Dr. K.R. 

KOOPMANS, m.i. Ir. H. P. — Bedrijfsdirecteur 
i.p.v. Directeur 

KROL, Dr. G. L. — Chef-geoloog i.p.v. Geoloog 

LEEFLANG, W. — ’s-Gravenhage, Renbaanstraat 
61, (bg) (L.G.V.) te schrappen. Is geworden: 
W. A. W. Leeflang, ’s-Gravenhage, Ruys- 
broeckstraat 60 (g) 


De Secretaris J. D. DE JONG. 


MATLA, Dr. W. P. M. — Chef van het Stofinsti- 
tuut v. d. Gezamenlijke Kolenmijnen in 
Limburg 

PRINS, geol. drs. J. — Algiers, Rue Daguerre 7, 
c/o C.P.A. (bg) 

SCHEEN, Dr. W. L. — Doha, via Bahrein, Persian 
Gulf, c/o The Shell Cy of Qatar (g) (gk) 

SCHUILING, m.i. Ir. D. TH. — Oud-Bedrijfs- 
directeur v. d. N.V. Holl. Metall. Bedrijven. 

STEENSTRA, Dr. B. — i.p.v. geol. drs. 

VELDE, m.i. Ir. J. VAN DE — Oud-General 
Manager i.p.v. Gen. Man. 

VRIENDT, mi. Ir. H. W. DE — Oud-Directeur 
General de la (i.p.v. du) S.A. etc. 

ZEE, m.i. Ir. P. F. DE — ,„Oos Hoes” i.p.v. „Ons 
Hoes” 


Mutaties: 


BECKERS, m.. Ir. H. J. M. — Amstenrade (L.), 
Hoofdstraat 89. Van (bg) naar (m) 

CERCY, Ir. H. LE — Treebeek, Akerstraat Noord 
11. Van (m) naar (m) (K) 

RÖMER, m.i. Ir. B. F. P. — Heerlen, Welterlaan 
28. Van (m) naar (b) 

VOS, mi. Ir. F. — Kerkrade, Nieuwstraat 165. 
Van (m) naar (m) (K) 


Van de volgende leden werd in de ledenlijst niet 
vermeld het lidmaatschap van het K.Lv.l. (K): 


BARKKER, m\. Ir. G. J. — 
BROUWER, m.i. Ir. L. E. J. — 
BRUGGEN, mi. Dr. Ir. G. TER — 
EDELMAN, c.i. Ir. T. — 

FABER, m.i. Ir. J. K. — 
MEGIEBAVRNY SF ProsDr SH 
ROESSING, geol. drs. H. K. — 
SCHUITEMARER, m.i. Ir. J. J. — 
SCHUURMANS mer ZDagser > 
STHEEMAN, m.i. Dr. Ir. H. A. — 
UBAGHS, mi. Ir. J.G.H. — 
VELZEBOER, m.i. Ir. P. TH. — 
VISSER, mu Irchger 


Adressen gevraagd: 


CUPERY, m.i. Ir. T. R. — (m) Vertrokken naar 
de Congo 


GEUL, J. J. C. — (bg) (L.G.V.) 


ONG, GOAN ENG — (bg) (L.G.V.) Vertrokken 
naar Indonesie 


ISTERDAM-C. TEL. 45212 (6 liinen) FREDERIKSPLEIN 26 
Bernardhal stands 3018 t/m 3026 
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Voor het lassen van piüjpleidingen „CUMULO”electroden 


WILLEM SMIT & C0°S TRANSFORMATORENFABRIEI 


KÖLN-EHRENFELDER MASCHINENBAU-ANSTALT G.m 
Köln-Ehrenfeld 


E° _Notor 255 kW; 
E  n=730U.p.M. 
- Magazin-Treibscheibe 
j Imo 
V=8 mısec. 


= 


Bouwt sinds meer dan 60 jaar uitsluitend miinbouwmac 


\ 


p de stand van de AEG is een draaistroom- 
zalor opgesteld, die wordt aangedreven 

 behulp varı een selenium-gelijkrichter uit 
Bei wordt gevoed. Deze geliikstroommstor 
it dus de rol, die in de practijk wordt 
d door een dieselmotor. 


wordt gedemomstreerd, hoe de span- 
 oomstant wordt gehouden bij wisselende 
g en toerental; de wijziging van toeren- 
Be, genersissspanning en geners- 
worden afgelezen, terwijl hei 
up. van generaisrspamsming, genersisr- 
E en bekrachtigingsstroom kan worden 
op een registrerende meter mei hoge 


hier neliseic 


le gedesmonstreerde generztor, die ziehzelf 
>}; ie en binnenpookmachine mei va 


e 
areXslıe7T: 


enter 


els 7, 15 met deze generator samengebouwd, 
ir kan er ook los van worden opgestelä. De 


ZELFREGELENDE DRAAISTROOMGENERATOR 
ZONDER BEKRACHTIGINGSMACHINE 


eunpound-rezelaar heeft geen cmmiacten of 
bewegende delen en bestast uit een oombinztie 
vaı smoorspoelen voor de bekrachtigings- 
stroom varı de onbelast lopende generator en 
stroomiransformatoren voor een extra be- 
krachtigingsstroom, die afhankelijk is van de 
belastingsstroom en de eos, g. 

Deze beide stroomsterkten worden gelijk- 
gericht, gesommeerd en direct naar het pool- 
rad gevoerd. Door de extra regeling, dwz. de 
stroomiransiormatoren, afhankeliik varı de 
genersiorbelasting, wordt de spanning van de 
generator constant gehouden met een nauw- 
keurigheid van + en — list +en — 2% 
omafhankeliik van de verandering van het 
ioerental en de temperstuur. Spanningsvaria- 
ties tgvV siooisgewijze verandering van de 
belasting worden binnen 01 tot 02 see. 
bijgeregeld, waardoor deze generatoren in het 
bijzonder geschikt zijn voor netten, waarop 
kortsluitankermoioren direct worden inge- 
schakeld. 

Door het wegvallen van de bekrachtigings- 
machine is — behalve de korte regeltijd — nog 
een korte, geironzen bouwvorm bereikt, het- 
geen bij samenbouww met diesel- of benzine- 
motoren voor noodstroom- en verplaaisbare 
aggregasen de zozeer gewenste vermindering 

var de bonrwlengte van het aggregast mozelijk 
maskt. 

Dasar de Be als binnenpoocknachine 
mei draaistroomwikkelingen is 
uitgevoerd, ri deze nog slechis twee sleep- 
ringen voor de bekrachiiginzsstrosm van het 
poolrad. Door het wegvallen van de oollecior 
varı de bekrachtigingsmachine en de sJesp- 
ringen voor de generatorstroom is het onder- 
houd 10t een minimum beperkt en de hoog- 
frequentontstoring geen probleem meer. De 
compound-regelaar heeft geen bewegende de- 
len of coniacten, welke aan slijiage onder- 
hevig zijn. 

De aard var de eomstructie brengt voorts 
mede, di deze generatoren mei regelinrich- 
ting zowel voor stationnaire als niei sia 
naire installeties geschikt zijn. 


vaststias 


mM- 


BENSO 
met inlage van 
polyaethyleen 


(GEPATENTEERD) 


EEN COMBINATIE VAN OUD EN NIEUW 


De bescherming van zwavelzuurtanks, condensleidingen, ammoniakleidingen, jzerconstructies 
in cokesfabrieken enz. enz. 


HAARLEM TELEFOON K 2500-17510 


IMBEMA N.V. 


Elite precisie- 
kettingen 


HOCHLEISTUNGS- 


Rolketting 
Busketting 
Gall’se ketting 


ASA- en Rotaryketting 
Transportketting enz. 


De breekbelasting van de 
ELITE rolketting ligt hoger 
dan die van de DIN-ketting 


Door elk bedri 
VERKOOPKANTOOR : GENERATOREN 


N.V. TECHNISCH HANDELSBUREAU 


BRONSENDIEK 


HAAGWEG 81, RISWIIK Z.H. Telef. 119409 


EN MOTOREN 


H. R. SMITH N.V. 


KEIZERSGRACHT 520 - A'DAM - TEL.42012-41801 


Metaalgelijkrichtereenheden 
voor alle doeleinden Agente en verlegenwoordigsler 


WESTINGHOUSE 


BRAKE AND SIGNAL COMP, LID. 


steeds 
9aarne 
tot uw 
dienst 


Licentie voor Nederland, Indonesi& en Overzeese Rijksdelen 


wesrchua LÖBBE-SCHAAFPLOEE 


DE NIEUWE KOOLWINNINGS-, LAAD- EN 
TRANSPORT-MACHINE. MET EEN CAPA- 
CITEIT TOT 1000 TON PER DIENST VOOR 
LAGEN VAN 40 CM EN HOGER, BIJ EEN 

HELLING VAN 30° BENEDENWAARTS 
EN 16° OPWAARTS. 


GEWERKSCHAFT EISENHÜTTE 


© WESTFALIA LÜNEN 


VERT. INGENIEURS-BUREAU „FERRUM” HEERLEN 


Ana 


ZRDN 


voor 
OLIE-, 

KOLEN-, 
ERTS-BORINGEN 
enz. 


J. K. SMIT & ZONEN - AMSTERDAM 


SARPHATISTRAAT 66 TELEGR.-ADR.: CARBONSMIT TELEFOON: 51641 - 51948 
NEW YORK DETROIT TORONTO LONDON PARIS ANTWERPEN 


over de hele 
wereld bekend als 


het kwaliteitsmerk voor 


ROLLENDE LAGERS 


Alle typen, &en bron 


N.V. Nederlandsche Maatschappij 
van Kogellagers IK F’ 
Veenendaal 
telefoon 2151 (7 liinen) 
telex 2161 
Amsterdam - Spui 24 
telefoon 64155 (5 lijnen) 


GEWEVEN GAAS 


VAN DE GROFSTE TOT DE FIJNSTE MAAS- 
WIJDTES UIT ALLE VERWEEFBARE METALEN 


N.V. METAALDRAADWEVER]|I) 
DINXPERLO - 122 


IMISINLIOYCOYMOTEVIEN 


LUIS EITISOTMIPRIESSIORS 
Br 


Naamloze Vennootschap 


W. A. HOEK’s 


MACHINE- EN ZUURSTOFFABRIE 
Postbus 78 - Schiedam 


MASCHINENFABRIK GLÜCKAUF - GELSENKIRCHEN 


Dubbelwerkende Aluminium Omdrukcylinders voor 
kettingtransporteurs 


130 530 k 
Vnlerp bij 4 ato. = slaglengte R Sr 
mm 


200 mm 1300 kg 
gewicht 130/400 19 kg - hoogte 155 mm - breedte 230 mm 
gewicht 130/800 28 kg - hoogte 155 mm - breedte 230 mm 
gewicht 200/400 32 kg - hoogte 260 mm - breedte 250 mm 
gewicht 200/800 42 kg - hoogte 260 mm - breedte 250 mm 


Uitschuifbare aluminium schoorstempels 


Vertegenwoordiging: 


KERKRADE - ABTENLAAN 58 
TEL. K 4445 - 2156 


MIJNGASVEILIG 
goedgekeurd door 
het Mijninstituut te 
Paturages 


Nu ook voor gebruik in 
mijnen. Mijngasveilige 
uitvoering volgens de 
thans geldende voor- 
schriften. In de moeilijk- 
ste omstandigheden, zo- 
wel onder als boven 
water, werken de elec- 
trischgedrevenZweedse 
klokpompen, zonder 
toezicht, steeds door. 
Water (zoet, brak of 
zout), eventueel ver- 
mengd met klei, zand of 
steenslag, wordt zonder 
bezwaar verpompt. 


-.- < = FLYGTS POMPEN 
GEWICHT 30-75 ka  GROOTHANDELSGEBOUW-ROTTERDAM 


‚Weena 703 - Telefoon 11.52.14 


WI 


WERF i.s. FIGEE 


ELECTRISCH LASWERK 
STAALCONSTRUCTIES 


VLAARDINGEN 


Handelsafdeling van de Machinefabriek 


DEN HOLDER N.V. 


LEIDEN — POSTBUS 87 


Bu « V-SNAARAANDRIJVINGEN 
A « MOTORREDUCTOREN 
« VERTRAGINGSKASTEN 


Apparaten voor de chemische- en 
Olieindustrie 

Gespecialiseerd op meetflenzen en 
meetplaten, alsmede A.P.l. draden 
en “Unified” draden 


N.V-VEREENIGDE 


ROTTERDAM 


Tag um Tag versorgen ausgedehnte Rohrnetze 
gewaltige Anlagen mit Gas, Luft und Wasser. 
Unser Bemühen gilt einer ständigen Steigerung 
der in aller Welt bekannten und bewährten 


FERNDORF-STAHLROHRE 


Lieferbar für alle Zwecke von NW 200 mm an 
aufwärts bis zu den größten transportablen 
Durchmessern in Wanddicken von 5—12 mm 
roh, bituminiert, verzinkt. 


Afdeling: 


Staaldraad! 


EISEN- U. METALLWERKE FERNDORF 
i GEBR. BENDER FERNDORF/ WESTF. 


’s-Gravenweg 264 - Telefoon 114060 


DELTA POMPEN 


SPECIAALPOMPEN - SERIEPOMPEN „- VACUUMPOMPEN 
Pompenfabriek „DELTA” N.V. - Tel. 4247 - HENGELO (0) 


Societe Belse de Mecanisation 
S.A. - LIEGE, RUE PARADIS 73 
2 Tel.: 52.20.75 (2 lijnen) 


BOVENGRONDS EN ONDERGRONDS 
MIJNMATERIEEL 


VOLLEDIGE UITRUSTING DER 
WINPLAATSEN 


MECHANISCHE VOORBEREIDING DER 
STEENKOLEN EN ERTSEN 


MECHANISCHE BEWERKING 
METALEN SCHOORPIJLERS 


CONCESSIEHOUDER DER OCTROOIEN EN PROCEDE’S PIC. 


Vertegenwoordigd door: N.V. IMCO-HOLLAND, Laan van Meerdervoort 2a, Den Haag 
Telefoon K 1700-116660-116826 


N.V. NEDERLAND - HAARLEM 


DONKERE SPAARNE 22, TELEFOON 13430 


MIINVERLICHTING 


pruxkvastr TLARMATUUR FLAMEPROoOF 


DRILLBIIS 


The wide range of Craelius Bits gives the 
possibility of selecting the most suitable type 
and quality for any particular drilling problem. 


DRUKKER -N.V. 
2 & Zn. N.V 


Ringdiik 2 - AMSTERDAM - Phone 50369 - 53068 


"DIAMONDS 


ALLE CORRESPONDENTIE BETREFFENDE ADVERTENTIES, ABONNEMENTEN E. 
AAN: G. A. TEISING, VOGELKERSSTRAAT 48, DEN HAAG, TELEFOON 3341. 


